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This thesis has been presented to analyse the effects of changes to a number of 
variables such as average recurrence interval (hereinafter referred to as ARI), 
storm duration and catchment area, on detention basin performance including 
the peak outflows and required basin storage.
Initially, rural catchments are investigated for catchment areas ranging from 0.2 
to 25 km2 with varying ARIs from 1 to 100 years and storm duration 5 minutes to 
24 hours. The ARI is then fixed at 100 years with catchment areas varied from
0.5 to 5 km2, and storm durations from 10 minutes to 6 hours, again for rural 
catchment areas.
The NASH model [1960] is used for rural catchment areas to calculate the 
catchment flood hydrograph which is the inflow flood for the detention basins, 
using three storage elements.
Stage-Discharge and Storage-Discharge relationships were established for 
particular detention basin outlet pipe diameters, from which Time Lag-Discharge 
relations are determined, to enable routing through the detention basin.
The graphs generated from the results obtained from the programs developed for 
the detention basin design investigation show very significant trends, which are 
noted and discussed in the concluding chapter.
The computer program BASIN used in this thesis was developed independently of 
the computer software of the same name developed by Dr. M.J. Boyd.
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1- PRELIMINARY DESIGN ANALYSIS
1.1 Introduction
Detention basins are holding ponds which temporarily store stormwater to reduce 
downstream flowrates. Outflows are usually controlled by a low-level pipe or 
culvert and a high-level outflow spillway. The basins are designed to store that 
proportion of the runoff which is in excess of the drainage system capacity.
Whilst mainly intended for flow reduction, detention basins may also be used for 
sediment and pollution reduction, as discussed by Berwick et al [1978], Davis et 
al [1978], and Daily [1961].
The location of a detention basin can dictate its effectiveness, with the same 
detention basin giving quite different results when located on similar catchments.
Specific purposes for the use of detention basins include:
i) providing a more economic drainage system by reducing downstream 
design flowrates and channel sizes;
ii) correcting a situation where a downstream facility e.g. a culvert, is 
incapable of carrying the current flowrates,
iii) meeting planning requirements e.g. Local Government regulations
The desirable maximum depth of a basin depends on the topography of the area 
and the degree of public access required.
The proposed use, constraints on available land and factors such as inlet and 
outlet hydraulics and safety considerations, will determine the basin size and 
practical depth-storage relationships. Note that for safety and stability reasons, it 
is genera lly  accepted that grassed sideslopes should not exceed 1:6 
(vertical: horizontal).
3 0009 02986 2757
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Detention basins are usually designed for 100 year floods, which are about twice 
as large as a 5 year flood, so that at the point an emergency spillway would start 
to function, a conventional system would already be overtaxed to twice its 
capacity. The logic for greater than 100 year floods is that there will ordinarily be 
a serious flooding problem regardless of the type of drainage system.
The detention basin acts as a reservoir,
"attenuating hydrographs as they pass through the storage."
(Australian Rainfall and Runoff {1987])
Once a storage-outflow relationship is established, the detention basin reservoir 
routing calculations are performed.
The computer program used a flood routing procedure, to determine the inflow 
and outflow hydrographs and the storage requirements for the detention basin 
design.
1.2 The Nash Model
The program written for this study calculates the inflow hydrograph using rainfall 
excess and the Nash Model, (refer to Nash [I960]), diagrammatically represented 
as follows:
RAINFALL EXCESS
_ _ _ _ _ ___ ____ „s






FIGURE 1.1: Diagrammatic Representation of the Nash Model
This shows that three storage elements were used for the Nash Model analysis, in 
order to obtain the surface runoff (SRO) hydrograph.
The Nash model has been used in Australia and overseas (refer to Macrae and 
Turner [1971], Boyd [1975], [1976]).
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The storage constant (k) derived for the Model (from Boyd [1975] and personal 
communication) is:
k = 0 .72*A° 46 ( l . l )
Since the Nash Model uses three storage elements, the storage constant for each 
storage element is:
k = 0 .24*A°46
The rainfall excess hyetograph is determined by subtracting the continuous loss 
rate, (refer to Section 1.4), from the design rainfall. The runoff hydrograph was 
then calculated as follows:
i  = p * A 
<=1
i = in flow  (cumecs)
p = r a in f a l l  excess (mm/hr)
A = catchment area (sq.m)
= 3 . 6  when area i s  expressed in (sq.m)
and r a in f a l l  excess in ten s ity in  (mm/hr)
The hydrographs were calculated to a point being five times the storm duration.
The program routes the rainfall excess hyteograph through the first storage element 
where the inflow hydrograph was X I, similarly for the storage elements two and three, 
where inflow and outflow were X I and X2, and X3 and XQ for each element, 
respectively.
Once the detention basin inflow hydrograph X3 was calculated, the flood was routed 
through the outlet pipe. The required storage and hence the required head, was then 
calculated as discussed in Sections 1.7 and 1.9.
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Boyd [1975], in his study of four catchment models noted there were limitations of the 
Nash model. For example, the sharpness of the peak of modelled hydrographs often 
does not agree with that of observed hydrographs. There is also a conceptual fault in 
the runoff of the model in that runoff from all parts of the catchment is routed through 
the same amount of storage. However, he concluded:
" While models by their very nature must be realised versions of the real 
catchment, the model structures examined were sufficient to synthesise 
hydrographs quite closely representing the actual ones."
The Nash Model is used in this detention basin analysis because it permits 
concentration on the detention basin design parameters and not the design flood 
calculation.
1.3 Program Detention Basin Design Analysis
The effects of a number of variables on detention basin design were investigated in this 
















TABLE 1.1: Design parameters used in the evaluation of the effects of 
catchment areas, storm durations and ARI on detention basin 
performance.




















D esign  param eters used  in the evaluation  of the effect of 
catchment area on detention basin performance.
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1.4 The Design Storm Used
The method presented in Australian Rainfall and Runoff [1987], (hereinafter 
referred to as ARR), was used to determine the design intensity-frequency- 
duration (hereinafter referred to as IFD) rainfall for any given storm duration and 
ARI. TABLES 1.3 and 1.4 summarize the results of the rainfall intensity derived 
using this method.
The basic annual maximum rainfall data for durations of 5 minutes to 72 hours 
and ARIs from 1 year to 100 years, were fitted using a log-Pearson Type III 
(hereinafter referred to as LPIII) distribution with a predefined skewness.
The ARR [1987] algebraic equations procedure involves six steps (reproduced 
below) to obtain the IFD information, using data from the detailed rainfall 
intensity maps (master charts) given in ARR Volume 2 [1987]. The method of 
deriving these master charts is discussed in that volume.
The method used and a brief summary of the results of the derivation of IFD 
rainfalls are presented here (A full explanation of the formulae used is given in 
Appendix 1). The terminology and abbreviations used in these calculations are:
=
yI d =
log-normal rainfall intensity for ARI of Y years and 
duration D .
(1 .2)
LPIII rainfall intensity for ARI of Y years and 
duration D .




6 minutes, 1, 12 and 72 hours 
2 and 50 years
5, 6, 10, 20, 30 minutes and 1, 2, 3, 6, 
12, 24, 48 and 72 hours
1, 2, 5, 10, 20, 50 and 100 years.
1) Rainfall Design Intensities used for ARI and Storm Duration Analysis.
Step 1: Input Data Determination
The six basic rainfall intensities were read from Maps 1-6 and the skewness value 
from Map 7. The geographical short duration factors F2 and F50 were read from 
Map 8 and were used in calculations with durations less than one hour.
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Step 2: 6 Minute Intensities for ARI 2 and 50 years
The 6 minute intensities for ARI 2 years (2i 6m) and for ARI 50 years ( ^ i g j  were 
calculated using the following formulae:
Step 3: LPIII Design Rainfalls for ARI 2 and 50 years for Basic Durations.
The LPIII estimates from the basic log-normal (ARI 2 year and 50 years) input 
intensities, required the mean and standard deviation of the logarithms to be 
determined.
The Calculated Means for Storms of Duration were:
6 Minutes 1 Hour 12 Hour 72 Hour
2.08739 1.62362 0.94692 0.50322
The Calculated Standard Deviations for Storms of Duration were:
6 Minutes 1 Hour 12 Hour 72 Hour
0.14438 0.17242 0.19257 0.19469
Step 4: LPIII Design Rainfalls for ARI 5,10,20 and 100 years for Basic Durations.
The LPIII rainfall intensities for ARI 5,10, 20 and 100 years were then calculated.
The ykn which were used in these calculations are the standard normal deviates 
for an ARI of Y years, which are given below:
2i fc = F2 * ( X ) 0-9; and
50i 6m = F50 * i50̂ ) 0-6 (1.3)
2kn = 0
10KJJ = 1.2816 
50Kh = 2.0537
5Kh = 0.8416 
20Kw = 1.6449 (1.4)
= 2.3263
The X  Factors used in the LPIII interpolation of rainfall intensities are:
0.00000 0.00000 0.84160 1.28160 1.64490 2.05370 2.32630
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Step 5: One Year ARI Rainfall Intensities for Basic Durations.
The procedure for this step was to calculate the ARI 1 year intensities for 
durations, D, of 6 minutes, 1 hour, 12 hours and 72 hours.
The results of these calculations are as follows:
ARI 6 Mins 1 Hours 12 Hours 72 Hours
1 109.196 36.770 7.629 2.742
2 138.187 47.500 10.000 3.600
5 169.859 61.647 13.495 4.878
10 187.251 69.917 15.621 5.659
20 211.289 80.765 18.352 6.660
50 242.047 94.996 21.999 8.000
100 265.007 105.853 24.825 9.039
Step 6: Interpolation from Basic Durations to all other Durations for all ARIs.
The calculations for the basis for interpolation and extrapolation between the 
basic durations of 6 minutes 1,12 and 72 hours, for all ARIs were then done.
The results of these calculations are as follows:
The BASIC Plotting Factors used in LPIII interpolation of rainfall intensities:
-0.83680 0.00000 1.12571 1.99645
The Plotting Factors used in the LPIII interpolation of rainfall intensities:
-0 .88581-0.83680-0 .55008-0.28979 0.00000 0.49312 0.81015 
1.12571 1.44384 1.99645
The N Factor used in the interpolation from BASIC to other DURATIONS:
- .05856 0.00000 0.34263 0.65370 1.00000 0.43806 0.71968
1.00000 0.36536 1.00000
The complete set of IFD design rainfalls used for the Peak Outflows and ARI 
analysis are presented in TABLE 1.3. A diagrammatic representation of these 
rainfalls is presented in Figure A l. 1.
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RAINFALL INTENSITY TABULATION







1 116.383 75.203 53.603 36.770 18.463 11.856 7.629 5.250
2 147.106 95.844 68.754 47.500 24.003 15.477 10.000 6.885
5 180.246 120.024 87.568 61.647 31.689 20.659 13.495 9.305
10 198.372 133.608 98.343 69.917 36.263 23.778 15.621 10.780
20 223.531 151.976 112.683 80.765 42.200 27.802 18.352 12.672
50 255.675 175.680 131.332 94.996 50.050 33.151 21.999 15.202
100 279.639 193.508 145.454 105.853 56.081 37.277 24.825 17.163
TABLE 1.3: Rainfall Design Intensities used for ARI and storm 
duration analysis.
2) Rainfall Design Intensities used for Catchment Area Analysis
A further set of IFD design rainfall calculations were performed for use in the 
catchment area analysis and are presented in TABLE 1.4. A  diagrammatic 
representation of these figures is presented in Figure A 1.2.
Additional interpolation factors required for Step 6 in these calculations are 
presented below:
The BASIC Plotting Factors used in LPIII interpolation of rainfall intensities: 
-0.83680 0.00000 1.12571 1.99645
The Plotting Factors used in the LPIII interpolation of rainfall intensities:
-0.88581 -0.83680 -0.68542 -0.55008 -0.28979 -0.12319 0.00000
0.17890 0.30845 0.40988 0.49312 0.56364 0.62475 0.67866
0.72685 0.77041 0.81015 1.12571 1.99645
The N Factor used in the interpolation from BASIC to other DURATIONS:
- . 05856 0.00000 0.18090 0.34263 0.65370 0.85278 1.00000
0.15892 0.27401 0.36411 0.43806 0.50069 0.55499 0.60287
0.64568 0.68438 0.71968 1.00000 1.00000
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The actual calculations of the IFD design rainfalls were done with the aid of a 
computer program called IFD presented in Appendix A l. The validity of the 
program was checked using Canberra as a test case, and checking the results 
against those presented in ARR [1987], see Appendix A1.3. The input data 
required for this program is that which is discussed in Step 1.
RAINFALL INTENSITY TABULATION
AVERAGE STORM DURATION (hours)
RECURRENCE
INTERVAL .1667 .25 .50 .75 1.0 1.5 2.0 2.5
(years)
1 89.679 75.203 53.603 43.160 36.770 28.638 23.897 20.740
2 113.912 95.844 68.754 55.587 47.500 37.081 30.994 26.934
5 141.403 120.024 87.568 71.567 61.647 48.424 40.657 35.456
10 156.685 133.608 98.343 80.829 69.917 55.099 46.370 40.513
20 177.551 151.976 112.683 93.048 80.765 63.819 53.813 47.087
50 204.371 175.680 131.332 109.019 94.996 75.291 63.625 55.768
100 224.470 193.508 145.454 121.166 105.853 84.065 71.143 62.429
AVERAGE STORM DURATION (hours)
RECURRENCE
INTERVAL 3.0 3.5 4.0 4.5 5.0 5.5 6.0
(years)
1 18.463 16.731 15.361 14.247 13.319 12.533 11.856
2 24.003 21.771 20.005 18.567 17.369 16.352 15.477
5 31.689 28.813 26.532 24.670 23.117 21.797 20.659
10 36.263 33.014 30.434 28.327 26.566 25.070 23.778
20 42.200 38.459 35.487 33.056 31.024 29.295 27.802
50 50.050 45.668 42.181 39.328 36.941 34.907 33.151
100 56.081 51.211 47.334 44.158 41.500 39.235 37.277
TABLE 1.4: Rainfall Design Intensities used for catchment area 
analysis.
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1.5 Initial Loss and Continuing Loss
During a storm some rainfall is retained by the catchment and does not 
contribute to the surface runoff. A  simplified model, shown in Figure 1.2, is 
normally assumed for the distribution of losses.
Cordery and Webb [1974] defined these losses as follows:
1) Initial Loss:
"... that portion of the storm rainfall which is intercepted by vegetation, 
held in depression storage or infiltrated at a high rate early in the storm; 
(before the commencement of runoff)"
2) Continuing Loss:
"... the loss which continues at a constant rate throughout the duration of 
the storm after the initial loss has been satisfied."
TIME
FIGURE 1.2: Rainfall Loss Graph
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The continuing loss rate for the detention basin design analysis has been fixed at
2.5 mm/hr. This value is generally accepted for a range of catchments in eastern 
New South Wales (refer to Cordery and Webb [1974] and Laurenson and Pilgrim 
[1963]).
Typically the continuing loss rates tend to be small, relative to design rainfall 
rates. The precise value adopted is often not of great significance, though this 
may not be true for long-duration low-intensity design storms.
Initial loss is extremely variable, having a range from zero to more than 50mm. 
Cordeiy and Webb [1974] established a relationship between initial loss, area, 
duration and mean annual rainfall, allowing for the fact that the design rainfall 
data has been derived from intense bursts within storms rather than from total 
storms. Initial loss was determined for Sydney and Griffith with the mean annual 
rainfalls of 1200mm and 400mm, respectively. It was shown that initial loss is 
dependent on the intense burst of rainfall. Interpolation is suggested for 
catchments with mean annual rainfalls between 400mm and 1200mm, or in 
excess of 1200mm.
However, for the purpose of a conservative design, the design initial loss has been 
fixed at zero for this detention basin analysis.
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1.6 Detention Basin Storage
The storm water detention basin is a reservoir which releases the stored water to 
the downstream receiving channel, at a desired time rate whilst temporarily 
holding all or part of the storm flow resulting from the upstream catchment, in 
order to minimise the flood damage due to excessive peak flow rate.
Initially the routing period, i.e. the time interval at which the ordinates of the 
hydrograph used in the routing are presented, must be selected so that it is 
sufficiently short to define the hydrograph adequately. The period must be short 
enough to ensure that the hydrograph during the period approximates a straight 
line.
Now the time rate of inflow (I) and the outflow (Q), into and out of the detention 
basin are different with the former being larger during the storm flow period. The 
outflow hydrograph is not only a function of the inflow hydrograph but is also 
affected by the geographic conditions of the basin, and outlet works selected (refer 
to Section 1.7 for further discussion on this). Figure 1.3 illustrates the storage 
change in the detention basin reservoir.
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FIGURE 1.3: Hydraulic Elements Involved in Detention Basin Design
Puls method, which assumes invariable discharge storage relationships and 
neglects the variable slope occurring during the passage of a flood wave, was 
used. The storage volume (S), to be provided at any time period (At), therefore 
should equal the difference between the inflow and outflow rate, as follows:
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AS = lA t -  &At (1-5)
where 1 and & are  the average ra te  o f in flow  and ou tflow  during  
th e  d u rin g  the ro u t in g  p e r io d  A t, s in c e  both  i n f l o w  and 
outflow  vary with time. Expressed in  f in i t e  time in te rv a ls :
AS = Si+1 -  S±
= d i+ i + Ij.) At -  (Qi+1 + Q l) At (1.6)
2 2
the relationship is clearly shown by the graph in Figure 1.4.
FIGURE 1.4: Relationship between storage and time rates of flow
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In designing a stonn water detention basin for a large or small catchment, the 
total storage volume is equal to the sum of As computed for many routing periods 
At, from the beginning of the inflow hydrograph until the time where the inflow 
equals outflow (as illustrated).
Although the theory of Puls Method is simple, particularly for detention basin 
facilities which usually have a small enough surface area for totally neglecting 
the non-uniform flow effect (i.e. the unlevel water deviation between the inlet and 
outlet of the reservoir), the actual computation procedure is quite tedious due to 
the fact that the entire system involves flow of an unsteady nature (i.e. time 
dependent).
1.7 Outlet Devices
Outlet devices commonly used in detention basin construction include weirs, 
spillways, pipes or box culvert and specially designed control gates for limited 
water release. The hydraulic properties of these devices are reported in various 
references, such as: Olsen (1973], Vennard and Street (1975], and Chow [I960]. 
Kao [1975] has presented a review of the discharge equations, and noted that all, 
except for the box culvert flow, have an exponential form:
Q = k *hn
where Q = discharge
H = water depth measured from the lowest point in the 
basin.
This table is reproduced here as TABLE 1.5.
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TABLE 1.5: A  Review of Discharge Relations, Reproduced from Kao [1975]
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1.8 Discharge Rating Curves
The outlet device selected for this study was a circular culvert. This is a unique 
type of constriction, with its entrance a special type of contraction. The 
characteristics of the flow are very complicated because the flow is controlled by 
many variables, including the inlet geometry, slope, size, roughness, approach 
and tailwater conditions.
A  culvert will flow full when the outlet is submerged, or when the outlet is not 
submerged but the headwater is high and the barrel is long. According to 
laboratory investigations, the entrance of an ordinary culvert will not be 
submerged if the headwater is less than critical value, while the outlet is not 
submerged. For this investigation this critical headwater is taken to be 1.2 times 
the height of the culvert.
For practical purposes, culvert flow may be classified as:
i) Outlet Submerged;
ii) Outlet Not Submerged;
A) Headwater greater than the critical value:
a) Culvert hydraulically long;
b) Culvert hydraulically short;
B) Headwater less than the critical value;
a) Tailwater higher than the critical depth;
b) Tailwater lower than the critical depth;
1) Slope subcriticai
2) Slope supercritical
Chow [1959] reported that Carter [1957] developed a detailed procedure that may 
be used for the hydraulic computation of a culvert design. For practical purposes,
PRELIMINARY DESIGN ANALYSIS 1-19
an approximate solution of the problem may be obtained by means of charts 
presented by Chow [1959] for estimating the headwater on circular and boxed 
culverts with square-edged entrances, flowing partly full. A  chart for circular 
culverts is presented in Figure 1.6, which was derived from the chart presented 
by Chow [1959], with a conversion to metric units, and extrapolation using Figure 






Outlet Pipe Diameters 
0.099 0.991 9.905
.10 72.4 191.7 492.1
.20 43.4 115.0 292.1
.30 32.3 85.2 217.1
.40 26.3 68.6 173.1
.50 22.8 57.6 147.0
.60 20.0 51.3 131.1
.70 18.0 46.0 114.4
.80 16.5 41.9 106.1
.90 15.0 38.2 96.7
1.00 13.8 35.3 89.0
1.25 12.6 31.7 81.4
2.00 11.5 29.2 73.4
3.00 10.7 26.7 66.4
4.00 9.7 24.2 60.0
5.00 9.0 22.0 55.9
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DISCHARGE (cu m ecs )
FIGURE 1.6: Chart for estimating headwater on circular culverts with square- 
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FIGURE 1.6: Chart for estimating headwater on circular culverts with square- 
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FIGURE 1.7: Discharge vs Ratio of Headwater to Barrel Heights for Circular 
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E n tra n c e  C le a r  - Entrance Subm erged
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FIGURE 1.8: Outlet Pipe Diameter vs Ratio of Headwater to Barrel Height for
Circular Culverts with Square-edged Entrances.
PRELIMINARY DESIGN ANALYSIS 1-23
TABLE 1.6 summarizes the relationships between discharge (q), outlet pipe 
diameter (d) and headwater to barrel height ratio (H/d) as follows:
where a and b are coefficients derived from Figure 1.6 and summarized in TABLE 
1.6, for each H/d ratio.
The relationship between outlet diameter and the ratio of head water to barrel 
height (H/d), for circular culverts with squared-edged entrances were then 
determined using Figure 1.6. Note there is a change in slope when the entrance 
becomes submerged, (at approximately H/d = 1.2). This relationship is illustrated 
in Figure 1.8.
1.9 Storage-Discharge Design Curves
A storage-discharge curve is a graphical presentation of the relationship between 
the pipe outlet discharge and the volume of storage required for the detention 
basin, as shown in Figure 1.9.
d = a*qh or (1.7)
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FIGURE 1.9: Storage-Discharge Curve (Mathematical Relationship, for a
given Basin)
In this study the curve was mathematically represented by an exponential 
expression as follows:
S = e*qf (1-8)
q = g*Hb (1-9)
detention basin discharge (cumecs) 
storage head required (m) 
required detention basin storage (m3)
coefficients summarized in TABLE 1,7 and TABLE 1.8 for 
each outlet pipe diameter.
Constants e and f were determined by plotting tjie volume-discharge relation on
full log paper with discharge (q) as the abcsissa and the storage volume (S) as the
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FIGURE 1.11: Storage (S) - Discharge (q) Relation
CASE 09-21
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The relationship between the required detention basin storage and the circular 
culvert discharge, illustrated in Figures 1.8 and 1.9, was then obtained from 
Figures 1.6 and 1.8 for selected values of headwater using information. The 
storage (S)-headwater (H) relationship was fixed at:
S = 1000*H2 ( l . 9a )
this relation was obtained from available data for detention basins in the 
Wollongong region, Boyd (1975] and personal communication.
Similarly a stage-discharge curve, of the form of Equation (1.9) was derived, with 
a similar relationship as illustrated in Figure 1.9. However in this case the 
constants g and h, were determined by plotting the discharge-storage head 
relation on full log paper with storage head (H) as the abcsissa and discharge (q) 
as the ordinate.
The discharge rating curves, illustrated in Figures 1.12 and 1.13, were then 
derived again using Figure 1.6, for each of the circular culvert pipe diameters 
considered in this investigation. Note that the critical headwater was taken as 1.2 
times the culvert diameter.
TABLE 1.7 summarizes the Storage-Discharge relations derived from Figures 1.10 
and 1.11 and TABLE 1.8 summarizes the Discharge-Storage Head relations 
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FIGURE 1.13: Stage-Discharge Rating Relations for Circular Culverts with 
Square-edged Entrances.
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C oe ffic ien ts








fo r  Pipe Entrance 
slope Submerged 
e f
300. 2513 0 1 206 0 087 121570 .00 2 .802
600. 1159 0 1 181 0 532 3743 .00 2 .994
900. 843 9 1 183 1 449 448 .90 2 .791
1200. 638 0 1 148 2 869 101 00 2 855
1500. 536 6 1 124 4 814 47 53 2 668
1800. 467 1 1 128 8 000 16 63 2 731
2100. 412 8 1 128 11 475 7 07 2 781
TABLE 1.7: Storage-Discharge Relationship Coefficients1
1,refer to Equation (1.8)
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C oe ffic ien ts  
Head fo r  




300. 0.473 1.663 .381 .177 0.657
600. 0.859 1.707 .726 .633 0.683
900. 1.133 1.708 1.123 1.294 0.729
1200. 1.460 1.746 1.382 1.936 0.850
1500. 1.710 1.775 1.705 2.953 0.795
1800. 1.960 1.776 1.973 3.640 0.879
2100. 2.120 1.736 2.326 4.840 0.836
TABLE 1.8: Coefficients for the Discharge - Storage Head Relationship2
2.refer to Equation (1.9)
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1.10 Time lag - Discharge Curves
The time lag (K) for the catchment was related to storage and discharge as 
follows:
K = S 1 (hours) (1.10)
q 3600
Upon substitution of the storage in terms of discharge, see TABLE 1.8 the following 
relation can be summarized in TABLE 1.9:
K = mcf  (1.11)
C o e ffic ien ts
O utlet Pipe Pipe Entrance D ischarge fo r  Pipe Entrance
Diameter (mm) NOT Submerged break in  slope Submerged
m n m n
300. 2513.0 0.206 0.087 121570.00 1.802
600. 1159.0 0.181 0.532 3743.00 1.994
900. 843.9 0.183 1.450 448.90 1.791
1200. 638.0 0.148 2.870 101.00 1.855
1500 . 536.6 0.124 4.810 47.53 1.668
1800. 467.1 0.128 8.000 16.63 1.731
2100. 412.8 0.128 11.480 7.07 1.781
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2. DESIGN PARAMETER INVESTIGATION
2.1 Introduction
Prior to the extensive detention basin design analysis, a number of parameters 
were investigated in order to obtain optimum design values.
The results of these investigations were considered to be of importance in any 
future projects endeavouring to utilize the flood routing concept in hydraulic 
design, as well as being of interest in this project. They were also considered to 
be of special interest in view of the increased processing power which is now 
readily available to the engineer.
2.2 Determination of the Flood Hydrographs
In order to obtain the complete inflow and outflow hydrographs, the number of 
time increments after the design storm had ceased were investigated in detail.
TABLES A4.5 through to A4.8 summarize the results of this investigation. The 
extreme boundary conditions were examined, that is, outlet pipe diameters of 
2100 and 300 mm and detention basins with ARIs o f 1 and 100 years, 
respectively (all the design storm durations and catchment areas were 
considered).
The tabulated results indicate the specific values of peak inflow and outflow 
together with the actual time to peaks. As anticipated, the time to the peaks of 
the inflow and outflow hydrographs increased with the increased catchment area 
and storm durations, with the limiting conditions occurring when:
o u t le t  p ipe diameter = 300 (mm)
ARI = 100 (years)
Note that the ARI had little effect on the results for the NN factor required. NN 
was a parameter indicating the number of time increments considered during the 
design storm, which depended upon design stonn duration and routing period as 
follows:
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NN = Storm Duration (h o u rs )1 (2.0)
Routing Period  (hours)
NN was calculated so as to enable any routing period to be considered subject to 
the above conditions being satisfied. Hence the NN factor, which is simply a 
multiplying factor, can be used for any routing period, since it depends only on 
the design storm duration under consideration.
The NN factors used in the detention basin design analysis are presented in 
TABLE 2.1. A  new value of the NN factor was used for each design storm 
duration and catchment area, the value being that time where the inflow reached 
a value of ±1% of peak outflow, as a ratio of the design storm being considered.
The above optimization procedure ensured the minimization o f computer 
resources required for the flood hydrograph calculations in the design analysis.
1.Please note that when setting the routing period it was desirable for 
NN to be a whole number.
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STORM CATCHMENT AREA (km2)
DURATION
(Hours) 0.2 1.0 2.5 5.0 25.0
0.083 19 39 59 82 176
0.25 7 14 21 29 61
0.50 4 8 11 15 32
1.0 3 5 6 8 17
3.0 2 2 3 4 6
6.0 2 2 2 3 4
12.0 2 2 2 2 3
24.0 2 2 2 2 2
* The above values are used fo r the ARI and storm duration  a n a ly s is .
STORM CATCHMENT AREA (km2)
DURATION
(Hours) 0.2 0 .5 1.0 1 .5 2.0 2.5 3.0 3.5 4. 0 4.5 5.0
0.167 19 19 39 39 59 59 59 82 82 82 82
0.250 7 7 14 14 21 21 21 29 29 29 29
0.500 4 4 8 8 11 11 11 15 15 15 15
0.750 4 4 8 8 11 11 11 15 15 15 15
1.0 3 3 5 5 6 6 6 8 8 8 8
1.5 3 3 5 5 6 6 6 8 8 8 8
2.0 3 3 5 5 6 6 6 8 8 8 8
2.5 3 3 5 5 6 6 6 8 8 8 8
3.0 3 3 5 5 6 6 6 8 8 8 8
3.5 2 2 2 2 3 3 3 4 4 4 4
4.0 2 2 2 2 3 3 3 4 4 4 4
4.5 2 2 2 2 3 3 3 4 4 4 4
5.0 2 2 2 2 3 3 3 4 4 4 4
5.5 2 2 2 2 3 3 3 4 4 4 4
6.0 2 2 2 2 3 3 3 4 4 4 4
* The above values are used fo r the catchment area a n a ly s is .
TABLE 2.1: Summary of NN Factors used in this Study.
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2.3 Design Flood Routing Period
A  detailed investigation of the appropriate routing periods to be used for each 
design storm duration was carried out.
The results of this investigation are of interest in that they show fairly coarse 
routing periods can be used to arrive at acceptable accuracies.2
TABLES A4.1 through to A4.4 demonstrate the percentage accuracy of the peak 
inflow and outflow hydrographs, (XIP and QP respectively), and the accuracy of 
the calculated design storage required. Extreme boundary conditions were again 
considered, i.e. detention basin outlet pipe diameters of 2100 and 300mm, and 
ARIs of 1 and 100 years, respectively. Three catchment areas were considered, 
(0.2, 2.5 and 25 km2), and the NN factors used were those established in TABLE 
2.1.
A summary of these results is presented in TABLE 2.2. Note that the high 
inaccuracies appearing for the long duration design storms (>3 hours), for small 
catchment areas (0.2 km2), occur because of the short time to peak of the flood 
hydrographs, indicated in the Tables referenced in Section 2.2. Hence if the 
routing period was too large the fundamental assumption of the flood routing 
procedure would not be true, (i.e. the hydrograph exhibits a straight line 
relationship between each adjacent time increment).
These results are very consistent with the general guideline values of time steps 
recommended by Boyd, et al [1987].
2.The acceptable accuracy will of course depend upon the type of design 
analysis under consideration, for example preliminary or final.
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STORM DURATION DESIGN ROUTING PERIOD (MINS)










TABLE 2.2: Summary of Design Routing Period Investigation.
The ARI once again had very little effect upon the overall results. The routing 
periods actually used in the detention basin design analysis have been 
summarised in TABLE 2.3.3
2.4 Investigation of Program Execution Times
In conjunction with the routing period investigation, the program execution times 
for differing routing periods were recorded, with the results proving most 
interesting for computer based applications.
3.These design routing periods considered were much smaller than those 
suggested in TABLE 2.2 simply because the computing system was able to 
handle them and give more accurate results.
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STORM ROUTING STORM ROUTING
DURATION PERIOD DURATION PERIOD
(Hours) (Mins) (Hours) (Mins)
0.083 1.0 0.083 1.0
0.167 1.0 0.25 1.0
0.25 1.0
0.5 1.0 0.50 1.0
0.75 1.0 1.00 5.0
1.00 1.0
1.5 1.0 3.00 5.0
2.0 1.0 6.0 5.0
2.5 1.0
3.0 1.0 12.00 5.0




TABLE 2.3: Design Routing Periods Considered in this Study.
As anticipated the computational execution time decreased proportionately to the 
ratio of routing periods considered, as shown in TABLE 2.4.
The results of this investigation, in conjunction with those of Section 2.3 indicate 
it would be most advantageous to investigate the required design routing period 
in any future flood routing project.
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PERCENTAGE DECREASE IN COMPUTATION TIME
ROUTING STORM DURATIONS (Hours)
PERIOD 0.083 0.50 3.0 12.0




oin 6 12 **
10.0 7 58 54
15.0 6 43 37
20 36 30
25 32
** Base Execution Time.
TABLE 2.4: Investigation of Computer Execution Time.
2.5 Evaluation of the Outflow Hydrograph
2.5.1 Introduction
The evaluation of the true outflow hydrograph proved to be a major stumbling 
block for this detention basin analysis.
The equation used was:
qt+i = + C 2i t + c3qt (2.1)
where for the detention basin situation:
C x = C2 = At
2Kt + At
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and C3 = 2Kt_1-A t
2Kt + At
where: K i s  e q u a l to  th e  tim e o f  c o n c e n t r a t i o n  ( i e .  the  
t ra v e l time through the r e a c h ) .
Upon substitution of c^ c2 and c3 into Equation (2.1) the equation became:
(2K,. + At)
Where: q = outflow  (m3/sec) 
i  = in flow  (m3/sec)
At = routing period  (mins)
K = la g  time
Initially to streamline the solution of Equation (2.2) Kj was approximated as being 
equal to Kt.j giving a direct solution for qt. However upon checking, this 
assumption was found to be erroneous (refer to Figures A3.3, A3.5 and A3.7). 
Discrepancies of the peak outflows varied between 5 to 20% of the values 
obtained through Puls graphical method.
Calculations of the required storage using Equation (1.6), (i.e. by calculating the 
volume between the inflow and outflow hydrographs until the peak outflow was 
reached), compared with the results of storage using the storage-discharge 
relationship, (using the peak outflows obtained from Puls method), gave totally 
erroneous resu lts w ith d iscrepancies o f up to 50%, i.e. the program  
underestimated the storage required by up to this amount.
The conclusion drawn from this analysis was the assumption that Kt = Kt.j was 
not substantiated through graphical checks, since the shape and peak of the 
outflow hydrograph were obviously incorrect, see Figures A3.3, A3.5 and A3.7.
Therefore the only option was to use a suitable iteration procedure to arrive at the 
correct outflow hydrograph. A number of possible procedures for this iteration 
were considered and analysed, however a problem appeared when the entrance 
was either submerged or unsubmerged, with the iteration not converging.
qt = ( i t -FL^-l) .At + qt.j. . ( 2 -  At) (2 . 2 )
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2.5.2 Approaches to the Iteration Procedures Considered.
With reference again to Figures A3.3, A3.5 and A3.7, the outflow hydrographs 
determined using Puls graphical storage routing procedure, (discussed in detail in 
Appendix 3), and the iteration procedure developed for the computer program, 
exhibit a correlation, within ±1%, between outflow peaks.
The investigation which lead to the final adoption of the iteration procedure was 
long and tedious; hindered by the fact that very little had been written about the 
iteration procedures considered, and in particular about the problems associated 
with the use of them.
Five different approaches were considered, of which one worked for all cases.4 
These approaches are outlined as follows:
(a) Approach 1:
<it = ( i t-i+ it ) At + qt- i (2Kt-i_At) (2.3)
2Kt +  A t
Initially: tj=0, q^O. kj=0 and ^=0. The first approximation of qt was: 
qt= (it+qt.1)/2, hence Kt for the first iteration step was calculated using the lag 
time-discharge relationship previously defined in Equation (1.9) and TABLE 1.9. 
Therefore a new value of qt was calculated and so the process continued till qt 
assumed and calculated, converged.
(b) Approach 2:
Approximately the same as the procedure used by Laurenson and Mein [1985] in 
their runoff routing program (RORB) and uses the following equation:
si~st-i = <it+it-i> - <qt+qt-i) At_ <2 -4>
2 2
where: S = Storage volume (m3)
4.The other approaches may have been able to be rearranged so that they 
worked for all cases, however time did not permit such development.
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Initially conditions are as for Approach 1, except that St for the first step was 
used to calculate qt using the predetermined storage-discharge relation, refer to 
Equation (1.10) and TABLE 1.7. The iteration procedure continued until 
convergence of qt was achieved.
Equation (2.4) was rearranged for the iteration procedure as follows:
= ■*" ^-t-i ~ 9t-i “ 2. S+. (2.5)
At
This equation had to be rearranged again for the case where the basin outlet pipe 
was submerged, as follows:
Let QS1I12 = i x + i 2 -  Cfc + 2 .S-,
At
and st = constant . qtExp
Substitution  in to Equation (2.5)  y ie ld s :
q£ = /  (QS1I12 -  q j  A t . 3600 \ (1/Exp) (2.6)
\  2 .constant )
(c) Approach 3:
Utilised Equation (2.4) and the Newton-Raphson method to obtain convergence, 
(refer to Mein et al, [1974]), as follows:
<£ = -  A t(qt -<*,_! -  it  -  ifc-i) + 2(Kt<£ -  K ^ . q ^ )  (2 .7 )
At + 2Kt .m.q^-1
where: S = kq®
K = la g  time 
m = exponent value
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The initial conditions are the same as for Approach 1 and k,. was calculated from 
qt using the predetermined lag time-discharge relations,5 in turn a new value of Iq 
was reached, and so the iteration proceeded until convergence of qt was attained.
Two cases were investigated, the first with m set to 1 and the second with m set 
to 0.71.6 However, it is recognised that this approach may not be applicable to 
the detention basin case, since the paper7 was written specifically for the cases 
where the exponent value (b) in the lag time-discharge relation (see Equation 
(1.11)), was not greater than 1.00.
(d) Approach 4:
Utilised Equation (2.3), with the initial conditions being the same, except the 
discharge-storage head relation was used to determine each new value of Ht, 
which in turn was used to calculate St, (i.e. S = 1000H2) until convergence of qt 
was obtained.
Note that in the Murphy O’Laughlin approach, the storage(S)- discharge (q) and 
discharge (q)-storage head (H) relationships were used to obtain the H vs (q + 
2S/At) curve. Rearranging Equation (2.4), as follows:
(it  4 i-t-i) -  ^It-i 2St_i = qt + 2St (2.8)
At At
Ht was determined since the left hand side was known and a new qt was 
determined, and so the iteration proceeded until convergence of qt was attained.
5. Refer to Equation (1.8) and TABLE 1.7)
6. The value used in the paper.
/.Mein et al [1974]
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(e) Approach 5:
This approach provided the only workable solution and utilised the same 
procedure as in Approach 1, except that Equation (2.3) was rearranged as follows:
<3t' = -  At) -  g,At y " 1«**» (2.9)
\  2 .constant J
where: K = constant
The above equation was used for the case where the basin outlet pipe became 
submerged, (i.e. Exp>1.0). The applicability of this equation was examined for 
both the unsubmerged and submerged cases, however convergence did not occur 
for the submerged case, so Equation (2.3) was used for that part of the iteration 
procedure.
TABLE 2.5 summarises the applicability of each approach to particular cases, 




1 OK DID NOT CONVERGE
2 -  O rig in a l DID NOT CONVERGE OK
2 -  Specia l Case DID NOT CONVERGE “ —
3 OK DID NOT CONVERGE
4 OK DID NOT CONVERGE
5 OK OK
TABLE 2.5: Results of the Iteration Procedure Analyses.
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2.5.3 Conclusions
The approach adopted is discussed further in Section 2.6. The failure of the other 
approaches to be useful in all cases, is considered to be due to an inherent 
instability in the finite difference approximation, that is the solution becomes 
unstable if the incremental time steps are too large. Further investigation should 
be initiated in an attempt to analyse this very real and disturbing problem.
Upon reaching the stated conclusion, this author investigated the problem further 
and discovered that this problem was not unique to the detention basin analysis 
under consideration. Indeed, similar problems surface in the finite difference 
solution to tidal computational models, where again an inherent instability can 
occur if the grid size is too large.
A  workshop on the runoff routing model RORB (July 1983) revealed that this 
widely used and acclaimed model encounters the same problem with its iteration 
program as has been encountered by the author. The solution is similar to that 
presented in Section 2.6.
This problem seems to be fairly well known by people involved with finite 
difference solution, however any solution would appear to be communicated 
through word of mouth and literature on the subject is difficult to obtain.
2.6 Iteration Procedure Used to Calculate Outflow Hydrograph
Detailed investigation yielded one workable solution to the finite difference 
approximation used to evaluate the outflow at each increment. This solution was 
Approach 5 detailed in Section 2.5.2.
A flowchart of the procedure is illustrated in Figure 3.2, and the computer 
program (subroutine IT) is listed in Appendix 5 as part of the source code for the 
BASIN program. This flowchart clearly defines the steps taken and the conditions 
tested in this analysis.
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The steps that would stop the analysis and produce error messages are:
(i) IF peak outflow (QP) has not been reached and the program errors, and 
Qt-i > 20% of QP ELSE program would stop calculating the hydrograph.
(ii) IF the iteration procedure has not converged and > ±10% of the 
assumed qt, ELSE program would average qt and continue on.
Therefore given these tests, the outflow hydrograph can be calculated and as 
illustrated by Appendix 3 Figures A3.2, A3.4 and A3.6, the results agree favorably 
with the results obtained using the Puls graphical storage routing procedure.
The hydrograph results using graphical and computer program procedures are 
clearly illustrated in Figures A3.3, A3.5 and A 3.7. These results were very 
satisfactory with the graphical procedure being within ±1% of the program results 
with the graphical procedure tending to overestimate the peak outflow by 
approximately 1%.
2.7 Conclusion
TABLE A3.1 summarises the results of peak hydrograph values and design 
storage volumes required. These results were within ±1% which was very 
acceptable given the limitations of the graphical method (e.g. pencil thickness 
could affect accuracy).
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3. Introduction
The software programs for the detention basin design investigation for rural 
catchments were generalized to examine the effects of Return Period, Storm 
Duration and Catchment Areas, on detention basin design parameters, peak 
outflow, and basin storage required.
Figures 3.1 and 3.2 show the flowcharts for the mainline programs BASIN and 
SORT, respectively.
3.1 Subroutines Used in the Main Program
The subroutines used in the main program are:
1) For BASIN:
a) RDATA - Reads and prints the input data and rainfall excess intensities;
b) WPHDG1- Controls program output, calls for a new page where page
setting depends on a change in ARI;
c) WPHDG2- Controls program output, calls for a new page where page
setting depends on a Catchment Area;
d) WOUT - Reports the detention basin design analysis results, and create a
file ready for input into critical parameter analysis program 
(SORT).
2) For SORT:
a) RDATA - Reads the detention basin design input (i.e. the output from
BASIN);
b) PGHDG - Controls program output, reports page headings;
c) WOUT -Reports the critical design information from the main program.
The source code for these routines is provided in Appendix 5 and on diskette.
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3.2 Data Requirements
3.2.1 General
Most of the input data required by the program should be stored in a data 
element before program execution.
Certain additional input is required from the terminal during execution. This 
information depends on the program’s calculations and is described in Section 
3.3.3.
3.2.2 Units
The units used for the input and output are shown in the TABLE below.
PARAMETER SYMBOL QUANTITY UNIT
Rates Continuing Loss Rate mm/hr
P R a in fa ll In ten s it ie s mm/hr
QP Outflow Discharge cumecs
XIP In flow  Discharge cumecs
Times RPER Routing Period mins
DUR Storm Duration hours
RP ARI years
Volumes S Storage m3
VI In flow m3
Elevations H Head m
Areas A Catchment Areas kms2
Diameters DIA Pipe Diameters mm
TABLE 3.1: Units used for data requirements.
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3.2.3 Data Items Required for Detention Basin Design Analysis.
Descriptions of the data items required in the data elements for the detention 





1 Number o f catchment area I I
Number o f return  periods JJ
Number o f storm durations KK
2 Catchment area A
3 Routing period  ( fo r  each catchment area) RPER
4 Return periods RP
5 Storm durations DUR
6 R a in fa ll  in te n s it ie s  fo r  respective  
return  periods and storm durations
P
7 O utlet p ipe diameter DIA
8 Discharge c o e ff ic ie n ts  fo r  p a r t ic u la r C l ,C2,
p ipe diameters C3,C4,C5
Note: Items 1 to  6 are the same fo r  every p ipe  diam eter considered, (so
that item 7 and 8 should be p laced  in  another data e lem ent).
TABLE 3.2: Input Data Items Required.
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3.3 Preparation for Execution of BASIN
When the terminal is online, program execution is achieved by using a command 
procedure similar to that shown below, changing only the input data used:
$ ! ### SAMPLE BASIN COMMAND FILE ###
$! ### BASIN_2_new.COM -  detention basin  run with new r a in fa l l s  ### 
$ TY BASIN_21_new.COM 
$ assign  DATA_2100_new.DAT BASINPUT 
$ assign  DATA_2100_new.OUT BASINOUT 
$ type BASINPUT
$ run /nodeb BASIN 
$ ty  BASINOUT
### SAMPLE BASIN INPUT DATA FILE ###
3
5 7 8
0.2 1 .0 2.5 5.0 25.0
1.0 1. 0 1.0 :1.0 1.0 1.0 1.0 1.0
1.00000 2. 00000 5.00000 10.0000 20.0000 50.0000
100.000
.08330 .25 .50 1.00 3.00 6.00
12.00 24. 00
116.383 75.203 53.603 36.770 18.463 11.856 7.629 5.250
147.106 95.844 68.754 47.500 24.003 15.477 10.000 6.885
180.246 120.024 87.568 61.647 31.689 20.659 13.495 9.305
198.372 133.608 98.343 69.917 36.263 23.778 15.621 10.780
223.531 151.976 112.683 80.765 42.200 27.802 18.352 12.672
255.675 175.680 131.332 94.996 50.050 33.151 21.999 15.202
279.639 193.508 145.454 105.853 56.081 37.277 24.825 17.163
19 7 4 3 2 2 2 2
39 14 8 5 2 2 2 2
59 21 11 6 3 2 2 2
82 29 15 8 4 3 2 2
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3.4 SAMPLE BASIN Program Results
Version : 91.101
Enter NTR (=type o f output r e q u ir e d ) : -  =1 te s t  run
=2 se lec ted  te s t  output =3 concise output 
Enter the No. o f 1) catachment areas , 2) return  periods
& 3) storm durations, considered  
Enter catchment Areas con s id e red :-  
Enter Routing Period  used fo r  each d u ra tio n : -  
Enter return  periods con sid ered :-  
Enter storm durations con sid ered :-  
Enter Design storm In te n s it ie s  used : -
Enter MM Factor fo r  each area & duration  re sp e c iv e ly : -
Enter No. o f Diameters & Actual O utlet P ipe Diameters c o s id e re d :-
Detention Basin A nalysis  
* * * * * * * * * * * * * * * * * * * * * * * *
****************
* *
* Input Data *
* *
****************
In th is  an a ly s is  a number o f v a r ia b le s  are con sid ered :-  
No. o f catchment Areas (A) = 5
No. o f return  periods (T) = 7
No. o f storm durations (TT)= 8
Size o f catchments considered (km**2) : 0.20 1.00 2.50 5.00 25
Size o f storm durations considered ( h r s ) : 0.083 0.25 0.50 1.00
3.00 6.00 12.00 24.00
Respective Routing Pe r iod ( s )  (Minutes) : 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00
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In ten s ity  Tabu lation
return  p e r io d (s )  
1. 2.
in  Years  
5. 10.
oCM 50. 100.
0.083 116.4 147.1 180.2 198.4 223.5 255.7 279.
0.250 75.2 95.8 120.0 133.6 152.0 175.7 193.
0.500 53.6 68.8 87.6 98.3 112.7 131.3 145.
1.000 36.8 47.5 61.6 69.9 80.8 95.0 105.
3.000 18.5 24.0 31.7 36.3 42.2 50.0 56.
6.000 11.9 15.5 20.7 23.8 27.8 33.2 37.
12.000 7.6 10.0 13.5 15.6 18.4 22.0 24.
24.000 5.3 6.9 9.3 10.8 12.7 15.2 17.
R a in fa l l Excess In ten s ity  Tabu lation
s




return  p e r io d (s ) in  Year 
1. 2. 5.
0.083 113.9 144.6 177.7 195.9 221.0 253.2 277 .
0.250 72.7 93.3 117.5 131.1 149.5 173.2 191.
0.500 51.1 66.3 85.1 95.8 110.2 128.8 143.
1.000 34.3 45.0 59.1 67.4 78.3 92.5 103.
3.000 16.0 21.5 29.2 33.8 39.7 47.5 53.
6.000 9.4 13.0 18.2 21.3 25.3 30.7 34.
12.000 5.1 7.5 11.0 13.1 15.9 19.5 22.
24.000 2.8 4.4 6.8 8.3 10.2 12.7 14.
MM Factors used in the NASH Model
19 39 59 82 176
7 14 21 29 61
4 8 11 15 32
3 5 6 8 17
2 2 3 4 6
2 2 2 3 4
2 2 2 2 3
2 2 2 2 2
Do you want to  save th is  in fo? (YES/NO)
Enter ISELECT: -  =1 ( f o r  duration  be ing  major v a r ia b le )  
=2 ( fo r  areas being the major v a r ia b le )
P ipe Diameter (mm)= 2100.00
D ischarge C o e ffic ie n ts  used fo r  the above P ipe Diameter 
C l C2 C3 C4 C5
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Pipe Diameter (mm) = 2100.00
Catchment Area (km**2)= 0.20
Return storm in flow Peak Peak Storage Head
p eriod  duration Volume in flow outflow Required
T TT VI XIP QP S Y
(Yrs) (Hrs) (m**3) (cumecs) (cumecs) (m**3) (m)
1.00 0.083 1897 . 1.233 1.009 417 . 0.646
0.250 3635. 2.172 1.797 800. 0.894
0.500 5110. 2.413 2.137 972. 0.986
1.000 6854. 1.890 1.855 829. 0.910
3.000 9578. 0.887 0.887 360. 0.600
6.000 11227. 0.520 0.520 197. 0.444
12.000 12310. 0.285 0.285 100. 0.316
24.000 13200. 0.153 0.153 50. 0.223
2.00 0.083 2409. 1.566 1.274 543. 0.737
0.250 4667. 2.788 2.290 1051. 1.025
0.500 6625. 3.128 2.754 1294. 1.138
1.000 9000. 2.481 2.432 1125. 1.061
3.000 12902. 1.195 1.195 504. 0.710
6.000 15572. 0.721 0.721 285. 0.534
12.000 18000. 0.417 0.417 154. 0.392
24.000 21048. 0.244 0.244 84. 0.290
5.00 0.083 2961. 1.924 1.556 680. 0.824
0.250 5876. 3.511 2.861 1351. 1.162
0.500 8507. 4.017 3.515 1704. 1.305
1.000 11829. 3.262 3.194 1530. 1.237
3.000 17513. 1.622 1.622 712. 0.844
6.000 21791. 1.009 1.009 417. 0.646
12.000 26388. 0.611 0.611 237. 0.487
24.000 32664. 0.378 0.378 138. 0.371
10.00 0.083 3263. 2.121 1.709 756. 0.869
0.250 6555. 3.917 3.180 1522 . 1.234
0.500 9584. 4.525 3.945 1941. 1.393
1.000 13483. 3.718 3.638 1772 . 1.331
3.000 20258. 1.876 1.876 839. 0.916
6.000 25534. 1.182 1.182 499. 0.706
12.000 31490. 0.729 0.729 289. 0.538
24.000 39744. 0.460 0.460 172 . 0.415
20.00 0.083 3682. 2.393 1.920 862. 0.928
0.250 7474. 4.465 3.607 1755. 1.325
0.500 11018. 5.202 4.519 2263. 1.504
1.000 15653. 4.316 4.219 2094. 1.447
3.000 23820. 2.206 2.206 1007. 1.004
6.000 30362. 1.406 1.406 606. 0.779
12.000 38045. 0.881 0.881 358. 0.598
24.000 48826. 0.565 0.565 217. 0.466
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Pipe Diameter (mm) = 2100.00
Catchment Area (km**2)= 0.20
Return storm in flow Peak Peak Storage Head
p eriod  duration Volume in flo w outflow Required
T TT VI XIP QP S Y
(Yrs) (Hrs) (m**3) (cumecs) (cumecs) (m**3) (m)
50.00 0.083 4218. 2.741 2.187 998. 0.999
0.250 8659. 5.173 4.157 2059. 1.435
0.500 12883. 6.083 5.262 2686. 1.639
1.000 18499. 5.101 4.980 2525. 1.589
3.000 28530. 2.642 2.642 1235. 1.111
6.000 36781. 1.703 1.703 752. 0.867
12.000 46798. 1.083 1.083 452. 0.672
24.000 60970. 0.706 0.706 279. 0.528
100.00 0.083 4617 . 3.001 2.387 1101. 1.049
0.250 9550 . 5.706 4.569 2291. 1.514
0.500 14295. 6.750 5.829 3015. 1.736
1.000 20671. 5.699 5.561 2859. 1.691
3.000 32149. 2.977 2.977 1413. 1.189
6.000 41732. 1.932 1.932 868. 0.932
12.000 53580. 1.240 1.240 526. 0.725
24.000 70382. 0.815 0.815 328. 0.572
Note that this is only a sample portion of the results obtained.
3.5 Preparation for the Execution Operation of SORT
The program uses the results obtained from BASIN, (stored in the output data 
file), so that program may be executed by using a command file similar to that 
shown below, changing only the input data used:
### SAMPLE SORT COMMAND FILE ###
$ ASSIGN SORT_2100_new.OUT SORTOUT 
$ ASSIGN DATA_2100_new.OUT SORTDAT 
$ RUN/NODEB SORT
3.6 SAMPLE SORT Program Results
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Detention Basin C r i t ic a l  Storm duration A nalysis  
* *  * * * * * * * *  * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
O utlet Pipe Diameter Under Consideration= 2100.00
Se lection  C r ite r io n  = Peak Outflow
Area Return Storm In flow Peak Peak Storage
Period Duration Volume In flow Through Required
A T TT VI XIP QP S
(km**2) (y rs ) (h rs) (m**3) (cumecs) (cumecs) (m**3)
0.2 1.0 0.500 5110. 2.41 2.14 972 .
0.2 2.0 0.500 6625. 3.13 2.75 1294.
0.2 5.0 0.500 8507. 4.02 3.51 1704.
0.2 10.0 0.500 9584. 4.53 3.95 1941.
0.2 20.0 0.500 11018. 5.20 4.52 2263.
0.2 50.0 0.500 12883. 6.08 5.26 2686.
0.2 100.0 0.500 14295. 6.75 5.83 3015.
Detention Basin C r i t ic a l  Storm Duration Analysis  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Outlet P ipe Diameter Under Consideration= 2100.00
Se lection C rite r io n = Peak In flow
Area Return Storm In flow Peak Peak Storage
Period Duration Volume In flow Through Require*
A T TT VI XIP QP S
(km**2) (y rs ) (h rs ) (m**3) (cumecs) (cumecs) (m**3)
0.2 1.0 0.500 5110. 2.41 2.14 972 .
0.2 2.0 0.500 6625. 3.13 2.75 1294.
0.2 5.0 0.500 8507. 4.02 3.51 1704.
0.2 10.0 0.500 9584. 4.53 3.95 1941.
0.2 20.0 0.500 11018. 5.20 4.52 2263.
0.2 50.0 0.500 12883. 6.08 5.26 2686.
CMO 100.0 0.500 14295. 6.75 5.83 3015.
Note that this is only a sample portion of the results obtained.
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Head Discharge Storage C r i t ic a l
Ratio Ratio Duration
Y QR SR TTR
(m)
0.986 0.89 0.19 0.731
1.138 0.88 0.20 0.725
1.306 0.88 0.20 0.718
1.393 0.87 0.20 0.715
1.504 0.87 0.21 0.712
1.639 0.86 0.21 0.708
1.736 0.86 0.21 0.705
Head Discharge Storage Lag
Ratio Ratio Ratio
Y QR SR KR
(m)
0.986 0.89 0.19 1.000
1.138 0.88 0.20 1.000
1.306 0.88 0.20 1.000
1.393 0.87 0.20 1.000
1.504 0.87 0.21 1.000
1.639 0.86 0.21 1.000
1.736 0.86 0.21 1.000
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3.7 Program Flow Charts
FIGURE 3.1: Flowchart for Sorting Detention Basin Analysis Information 
Sorted by SORT-input calculated by BASIN.
PROGRAMS DEVELOPMENT AND DOCUMENTATION
f START \ 
Establish character string lengths.] 
kt dlaensloa, A data statements i
Call RDATA Subr- to read Input data as 
well as whether the output Info should 
be stored —Interactive
|set page heading parameters
Do c-i.ii)
Call VPHDC1 -Subr. to give a new page 
heading where page setting depends on 
a change In return period
■jDo J“ l.JJJ —for each return period
....I
Call VPHDG2 —Subr- to give a new page 
heading where page setting depends on 
a change In catchment area
-*- |D o  1 -  l,Exj —for each storm duration
Set NN- No. of time increments considered 
for the particular duration A MM- •
(l.e. Mo. of time Increments considered 
for each hydrograph)________________________
JDo M- I . K mI
1 T "
Initialise the array values of XI, X2, X3, 
A XQ, where XI, A X2, are the outflow 
hydrographs for the 1st A 2nd linear 
elements, A X3, A XQ are the retarding 
basin Inflow A outflow hydrographs_______
|Set XX- 2*K
(#)Calc outflow hydrograph for the 1st element,
1-e . Inflow hydrograph for 2nd element:-
1) For the period while the rain Is falling
2) For the period Immediately after rain finishes
(#)Calc outflow hydrograph for the 2nd element, 
l.e. Inflow hydrograph for 3rd element
(#)Calc outflow hydrograph for the 3rd element, 
l.e. Inflow hydrograph for the basin________
Store the peak Inflow rate (XIP) 
Calc the volume of Inflow (VI)
Store the peak outflow rate (QP) A 
when It occurs (UMAX)
Calc the required retarding basin 
storage (S), A head (T)
Call WOÜT —Subr. to write programme output
TES- Save sorted Info
# Execute loop for MM times
FIGURE 3.2: Flowchart for Retarding Basin Design Analysis.
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COMPARISON OF RESULTS WITH ALTERNATIVE DESIGN METHODS 4-1
4. COMPARISON OF RESULTS WITH ALTERNATIVE DESIGN  
METHODS
4.1 Introduction
Several relatively simple design procedures were compared to the detailed flood 
routing procedure.
These methods included:-
a) Puls graphical storage routing procedure.
b) C.U.D (volumetric) method.
c) Boyd (1980), Gould (1967), and Culp (1948), refer to Section 5.
The results obtained from these comparisons were very good, given the limitations 
of each procedure.
4.2 Puls Graphical Storage Routing Procedure
The method and results of this procedure are discussed in detail in Appendix 3. 
TABLE A3.1 lists a summary of the test cases and the accuracy of the results for 
peak outflow and design storage required . Figures A3.2, A3.3 and A3.4 illustrate 
the accuracy of the outflow hydrographs derived using this method, (within ±1% 
of the program results).
Hence, to summarize the overall applicability of this procedure to any detention 
basin design, the following limitations must be recognized:
1) The routing period considered. Note that the smaller the routing period the 
greater the amount of work necessary to determine the outflow hydrograph 
function.1
2) The storm duration/routing period combination must be sufficiently small to 
prevent tedious time consuming calculations.
1. Refer to figures A3.2, A3.3 and A3.4 and TABLES A3.1.*, A3.2.*, and 
A3.3.* for verification of these observations.
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3) The catchment area, hence the size of the flood, considered must be 
sufficiently small to avoid tedious calculations. Refer to Sections 2.5, and 
TABLE 2.2 for a discussion on determining the flood hydrographs with 
respect to catchment areas.
4) The Discharge-Storage Head relation with respect to the design storm 
considered. For example, for small detention basin outlet pipes the value of 
the outflow rate was very small compared to the increase in storage head 
and volume. Therefore the difference between each of the storage routing 
curves (discussed in Appendix A3.2), became very small, thereby making the 
storage routing procedure very difficult.
However given these limitations the method has produced very good results. A 
program DB_PULS (refer to Appendix 5) has been written to evaluate this method 
and may be of use in further research work.
4.3 C.U.D. (Volumetric) Method
4.3.1 Introduction
The Controlled Urban Discharge (C.U.D) design method has been developed to be 
simple and straight forward, and does not require the use of a complicated 
computer program function. 2 This procedure is currently in use by local 
government authorities for quick preliminary designs..
Wright-McLaughlin Engineers [1969], introduced this method, and it has now 
become increasingly popular. Councils such as Penrith [1977] and Wollongong 
[1979], recommend the use of the method for small catchment areas. Boyden 
[1976], [1979] documented the research w’ork carried out by Penrith City Council, 
in conjunction with NSWIT.
The method produces similar public health, safety and maintenance concerns to 
a conventional drainage system, however the cost advantage over the 
conventional system is most marked.
2 .With the implementation of the C.U.D. Method, or any other flood 
control method, flood routing of the entire system by a recognized 
routing technique is a necessity.
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4.3.2 Design Concept
The C.U.D. design method considers the total volume of water, which falls on any 
particular catchment during a specific rainfall event. The basis of this method is 
the volume continuity equation as follows:
Required Storage = Total Inflow Volume - Total Outflow Volume (4.1)
Volume (m3)
The C.U.D. method is a volume oriented drainage design technique which is used 
to spread the effect of peak storm discharge to a lower, more manageable level, 
with a longer duration. This is achieved by arranging detention basins at suitable 
sites throughout the catchment.
4.3.3 Design Storage Concept
The design storage was determined using the cumulative graph shown in Figure 
4.1. The limit of the storm durations to be plotted is determined by the size of the 
catchment and the design discharge.
Under the cumulative graph, lines of cumulative discharge were plotted at varying 
rates as determined by the iteration procedure. The greatest vertical intercept 
from the cumulative storm graph to the cumulative discharge line gives the 
storage volume required at the point under consideration, refer to Figure 4.1.
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Cumulative Runoff for 
Design Frequency
* Outflow assumes instantaneously filled capacity.
FIGURE 4.1: Cumulative Runoff Design Concept used in the CUD Method
FIGURE 4.2: Hydrograph Examination
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4-3.4 The A ssum ption  o f In stan tan eous D isch arge  at a
Constant Rate
Figure 4.2 illustrates the two factors which affect this assumption:
1) The smaller the outlet pipe, the faster it will fill to capacity and the more 
accurate this assumption.
2) The shorter the Q 10o storm duration, the quicker the outlet pipe fills to 
capacity and the more accurate this assumption.
4.3.5 Rational Formula for Runoff Volume Estimation
This formula for peak estimation was originally developed for urban areas. The 
general logic and simplicity of the formula has helped it to be widely accepted, 
though often criticized.
Boyden [1976] discussed the applicability of the Rational Formula to the case of 
detention basin design using the C.U.D. method, and has proposed an alternative 
to the Rational Formula to return it back to its original and intended urban 
domain.
Given a rainfall intensity of:
1mm/hr on one ha = 2.778 x 10'3 m3/sec of rainfall volume (4.2)
then the total volume of water to fall over an area of A hectares, in any particular 
storm event, of duration T  minutes and intensity I mm per hour is defined, as 
follows:
Total Runoff Volume = 2.778 x 10"3 *C *1 *A *T (4.3)
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Considering the storm duration and intensity of storms being catered for by the 
C.U.D. method, a coefficient o f runoff (c) o f 0.9 adequately allows for water 
retained in the catchment, yet outside the drainage reserve.
French, et al (1974], recommends strongly against the use of the Rational 
Formula in systems which have certain inhibiting characteristics. However, 
Boyden [1976] suggests that when it is used in con ju nction  w ith the 
recommended catchment dissection/storage techniques it bypasses those 
inhibiting characteristics, this was upheld by the results of this investigation, and 
will be detailed later.
4.3.6 Design Procedure
The computer program DB_CUD for this procedure is listed in Appendix 5, and 
the verification of the results of this program are detailed in Appendix 6.
Figure 4.3 illustrates the iteration process used in the C.U.D. design procedure. 
This is utilised by the computer program.
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FIGURE 4.3: Flowchart for the C.U.D. (Volumetric) Design Method.
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4.4 Graphical Analysis of Design Parameters
The design procedure used in this investigation can be summarized by the
following steps:
1) For the preselected design storms (refer to TABLES 1.1 and 1.2), 
calculate the cumulative runoff volume according to Equation (4.3).
2) Select a particular detention basin outlet pipe diameter.
3) Calculate the standard outflow rates for the standard H/d ratios: 0.1, 
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.25, 2.0, 3.0, 4.0; using the 
diameter-discharge relationship summarised in TABLE 1.7.
4) Investigate for each particular catchment area and return period 
considered.
5) Assume H/d equal to 0.1, 0.8 and 4.0, and calculate the Head ratio (HR 
= Hass/Hcalc), using the iteration procedure to give some idea of what 
range must be considered, (i.e. design H/d lies between 0.1 to 0.8, or 
0.8 to 4.0.)
This design head ratio was calculated by considering the runoff and 
discharge volume at each storm duration.3 Since a sufficient number of 
storm durations were considered, a linear relationship was assumed 
between each incremental storm duration. Therefore the peak storage 
required would occur at either end of the straight line, since the 
discharge volume increases at a constant rate.4 The required storage 
volume was calculated as the maximum difference between the runoff 
and discharge volumes, as suggested by Equation (4.1) and Figure 4.1.
3. The time of concentration of the catchment was not used for these 
calculations.
4. The design storm durations considered were: 0.0833, 0.1667, 0.25, 0.5, 
0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0 hours.
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Once the required storage (S) has been calculated the storage head (H), 
(Hcaic= (S/IOOO)-0-5) was calculated and compared to the 
original H (H ^  = Diameter*(H/d)), to give the head ratio.
6) Examine further the standard H/d ratio range to be considered, refer to 
Appendix 6.5
7) The analysis was then continued between the standard H/d ratios 
(range determined in step 6), at increments of 10% of the difference 
between the range of standard H/d ratios, until Hass was within ±2% of
n calc
8) If Hass was still NOT within ±2% of Hcalc a further investigation was 
carried out between the H/d ratios design range determined in step 7. 
Again increments of 10% of the difference between the range of 
standard H/d ratios were used, until Hass was within ±2% of Hcalc.
9) The design storage volume required, inflow volume, storm duration and 
storage head, were all recorded and the design process continued with 
steps 3 and 4 until all the design situations had been considered.
This finalises the design procedure used by the computer program.
5 .The outflow rate for any particular H/d ratio was calculated by 
assuming a linear relationship between each increment of standard 
discharge, calculated in step 3, and discharge was then calculated 
proportionately.
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4.5 Recommended Practice
Certain simplifying assumptions have been made in order to apply the C.U.D.
method of design (recommended by Penrith City Council [1977]). These
assumptions depend to a veiy great extent on the location of the proposed works,
and on the design experience of those concerned.
The recommended design practice is summarised as follows:
a) The catchment area for each basin should not be greater than 250 ha 
so that the Rational Formula may be valid.
b) Following from (a), assume that variations in rainfall intensity are 
smoothed out by the natural delays, (time of concentration in each sub­
catchment).
c) Adopt a runoff coefficient of 90% for the runoff calculations. This allows 
for extreme follow-up storm events on a wet catchment, and also gives 
some safety factor for the whole system.
d) The batters surrounding detention basins should not be steeper than 
1:6, (though batters of 1:4 are still currently being used), for both public 
safety and to allow for mowable grassed banks.
e) Ponding should be designed for depths not greater than 1.2 metres.6 
This also allows the following assumption to be made.
f) Assume that the outflow pipe has a constant discharge based on half 
the pond depth.
6 .A contentious point, since an increase of the ponding depth to 1.5 
meters could mean up to a 50% increase in the storage capacity.
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4.6 Design Investigations
The results of the detailed flood routing procedure, discussed in Section 2, were 
compared with the results derived from the simplified C.U.D. design method.
TABLE 4.1 illustrates the accuracy of the design storage results obtained using 
the simplified C.U.D. design method as compared to the results from the BASIN 
program.
The accuracy of the results was remarkably good considering the ease with which 
the C.U.D. method can be applied to each design situation. The results for small 
catchment areas (1 ha), gave accuracies of around 90% and considering the 
graphical accuracy for the design storage heads which were small (< 0.4 meters) 
these accuracies were quite reasonable.
TABLE 4.1 indicates that accuracies improved, while the design catchment areas 
were < 20 ha and the storage head was over 2.0 meters, which was to be 
expected.7 Whilst catchment areas > 20 ha produced percentage differences of 
over 20%.
As a result of the limitations discussed earlier, the CUD Method has limited 
accuracy.
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Pipe Diameters
2 100 1800 1500 1200 900 600 300
9~ 13~ 12~ 9~ 11~ 10~ 12'
13 14 11 11 11 10 15
14 11 6 10 11 10 13
13 10 7 11 12 10 12
10 9 7 10 12 11 13
10 10 7 11 12 11 13
9 10 7 12 12 10 13
8 7 3 8 7 8 12
7 6 3 7 8 10 11
6 7 3 8 9 11 11
6 7 3 8 9 11 11
6 6 3 9 9 11 11
6 7 3 9 9 10 12
7 7 2 8 10 12 12
1 2 4 4 5 6 10
2 * 3 4 7 8 11
1 2 2 4 8 9 -
* 1 2 5 8 9 -
* 3 2 5 8 10 -
* 2 2 5 6 9 -
1 2 1 5 6 9 -
4 1 6 2 5 6 10
3 1 4 3 6 7 -
2 * 4 3 5 8 -
1 * 3 3 4 8 -
1 1 3 4 4 8 -
* * 3 5 5 10 -
* 1 3 4 6 11 -
5 3 7 * 4 5
4 2 6 1 2 5
3 2 6 2 2 7
3 2 5 3 4 8
3 1 5 1 4 9
3 1 4 1 5 10
3 1 4 * 6 11
10 9 * 5 4 4
10 7 * 7 * 6
9 7 ★ 7 1 -
9 7 * 6 1 -
8 5 * 3 3 -
7 7 * 1 4 -
7 8 * 1 5 -
17 15 14 *
16 17 9 1
17 19 7 -
18 19 4 -
19 17 3 -
21 15 1 -
20 14 3 -
21 23 13 2
22 24 9 -
24 22 4 -
26 19 1 -
24 18 - -
21 14 - -
19 13 - -
sent the percentage differences between CUD Method and results from BASIN.
Storage Calculation Comparisons with CUD Method
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4.7 Investigation of the Coefficient of Runoff
Wright-McLaughlin Engineers [1969] suggested an improvement to the Rational 
Formula may be to vary the coefficient of runoff (c), depending upon the design 
ARI being considered. Since the program for the C.U.D. method had already been 
developed, only a few minor alterations had to be made to investigate the above 
suggestion.
TABLE 4.2 summarises the results obtained from this investigation, again 
comparing this with the results from the BASIN program. Referring back to 
TABLE 4.1 the only improvement made by varying the coefficient of runoff (c), 
according to Table 4.2, occurred for very small catchment areas (< 2 ha), and 
where the design storage head calculated was small (< 0.4 meters). Therefore any 
benefit achieved did not warrant adjusting the coefficient of runoff.
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Catchment Pipe Diameters
Area
(ha) ARI 2100 1800 1500 1200 900 600 300
1.0 1 5~ 4~ 5~ 3~ 2~ 3~ 8~
2 2 4 4 3 2 1 4
5 5 2 5 1 2 1 4
2.0 1 4 6 7 1 3 4 5
2 5 4 9 4 2 4 3
5 5 6 7 5 3 3
5.0 1 11 4 13 6 6 10 _
2 12 9 11 7 7 7 -
5 10 10 13 6 7 6
7.0 1 8 6 14 5 6 9 _
2 12 11 14 10 11 7 -
5 13 11 13 10 9 5
10.0 1 8 13 10 9 12 5 _
2 14 12 13 14 14 3 -
5 13 12 17 15 13
20.0 1 16 18 * 14 _ _ —
2 17 20 * 16 - - -
5 19 21 * 15
"
50.0 1 24 27 * 15 _ _ ~
2 34 27 * - - - -
5 31 26 *
75.0 1 30 29 * _ - -
2 32 24 ★ - - - -
5 30 26 *
~ Columns represent the percentage differences between CUD Method and results from 
BASIN.
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5.1 Introduction
A  comprehensive evaluation of the detention basin design critera is presented in 
this section. The full range of design criterion was evaluated and the conclusions 
of these investigations are presented. The graphs generated from this detention 
basin design analysis study are presented in Appendix 2.
There are CASE numbers referred to in the graph titles which can be decoded as 
follows: the first two characters refer to the pipe outlet diameter, and the following 















03 300 02 0.2 1 1
06 600 10 1.0 2 2
09 900 25 2.5 5 5
12 1200 50 5.0 10 10
15 1500 250 25.0 20 20
18 1800 100 100
21 2100
TABLE 5.1: CASE numbering nomenclature
A  summary of the variables referenced in this Section is presented in TABLE 5.2.
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VARIABLE ABBREVIATION UNITS
Average Recurrence In te rv a l ARI years
Catchment A km2
Storm Duration DUR hours
In flow cumecs
Outflow cumecs
TABLE 5.2: Variable Units and Abbreviations
5.2 Peak Inflow Analysis
This analysis included all the outlet pipe diameters, ARIs and Catchment 
Areas, the ranges of which are summarized in TABLE 1.1.
The graphical representations of these results are presented in the following 
format:
(i) The plot series PI_CONT: contours of peak inflows are plotted against 
ARI versus Storm Duration;
(ii) The plot series PI_ARI: line plots with bi-cubic spline curve fitting for 
each ARI. A  line is fitted on a peak inflow versus storm duration; and
(iii) The plot series PI_AREA: line plots with bi-cubic spline curve fitting 
for each catchment area. A  line is fitted on a peak inflow versus 
storm duration.
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Characteristics of these plots are that:
Peak inflow increases as:
(a) ARI increases. This is clearly seen by comparing Figures A2.8.1 with 
A2.8.2 and so on for the fu ll Figure A2.8.* series of plots. This 
characteristic is even more clearly illustrated by the Figure A2 .18.* 
series.
(b) Storm Duration increases and then it decreases after the critical 
storm duration is reached. This can be seen by examining the Figure 
A2.8.* series and is even more obvious from the Figure A2.18.* series 
for each Catchment Area.
(c) Catchment Area (A) increases as indicated in the Figure A2.8.* series 
and is more clearly summarized in Figure A2.10.1.
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5.3 Peak Outflow Analysis
This analysis included all the outlet pipe diameters, ARIs and Catchment Areas,
the ranges of which are summarized in TABLE 1.1.
The graphical representation o f these results are presented in the following
format:
(i) Contours of peak outflow (PO) are plotted against ARI versus Storm 
Duration. A  separate plot is presented for each outlet pipe diameter 
and catchment area in the study. This PO_CONT series of plots refers 
to graphs A2.*.l (for each pipe diameter, A  = 0.2km2) to A2.*.5 (for 
each pipe diameter and A  = 25km2).
(ii) X-Y line plot with bi-cubic spline curve fitting for each ARI. A  line is 
fitted on a peak outflow versus storm duration. This PO_ARI series of 
plots refers to graphs A2.11.1 (for each pipe diameter, A  = 0.2km2) to 
A2.17.5 (for each pipe diameter and A  = 25km2).
(iii) X-Y line plot with bi-cubic spline curve fitting for each catchment 
area. A  line is fitted on a peak outflow versus storm duration. This 
PO_AREA series of plots refers to graphs A2.9.* (for each pipe 
diameter and ARI =100 years)
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Characteristics of these plots are that:
1) Peak outflow increases as:
(a) ARI increases. This is clearly seen by comparing the PO_CONT series 
of plots, eg Figures A2.1.1 with A2.2.2 and so on for each Catchment 
Area. This characteristic is even more clearly illustrated by PO_ARI 
series of plots, ie the Figure A2.11.1 compared to A2.12.1 and so on.
(b) Storm Duration increases and then it decreases after the critical 
storm duration is reached. This can be seen by examining the 
PO_CONT series, Figures A2.*.2 series and is even more obvious from 
the PO_AREA plot series, Figures A2.* and for each Catchment Area.
(c) Catchment Area (A) increases as indicated in the PO_AREA plot 
series, Figures A2.9.* for each outlet pipe diameter.
2) Peak outflow depends on the:
(a) Outlet pipe diameter size. This is shown in TABLE 5.4 where peak 
outflow is tabulated against outlet pipe diameter.
The peak outflow increases and the critical storm duration decreases 
as the outlet pipe diameter size increases.
(b) The storage volume. As storage volume increases peak outflow 
decreases. This is shown in TABLE 5.4.
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5.4 Critical Storm Duration Analysis
This analysis included all the outlet pipe diameters, ARIs and Catchment areas, 
the ranges of which are summarized in TABLE 1.1 and TABLE 1.2.
The graphical representations of these results are presented in the plotting series 
PI_CONT, PO_CONT, PI_AREA, PO_AREA and PI_ARI, PO_ARI as detailed in the 
preceding Sections.
The critical storm duration has the following characteristics:
(a) it does NOT depend on the ARI of the storm for a specified outlet pipe 
diameter. This can be seen in the plotting series PO_ARI and PI_ARI, Figure 
A2 .11.1 to A2.17.5 and A2.18.*. This characteristic holds true for both peak 
inflow and peak outflow.
The following TABLE is compiled from the A2.18.* plots and the results from 













0.2 0.500 3.0 1.500
0.5 0.750 3.5 1.500
1.0 1.000 4.0 1.500
1.5 1.000 4.5 1.500
2.0 1.000 5.0 2.000
2.5 1.500 25.0 3.000
TABLE 5.3: Critical Storm Duration based on for ARI = 1 0 0  years and




























SELECTION CRITERIA=PEAK INFLOW AR I=100 (y e a r s )
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CATCHMENT AREA (SQ KMS)
FIGURE 5.1
EFFECT OF CATCHMENT AREA ON CRITICAL STORM DURATION




























SELECTION CRITERIA=PEAK OUTFLOW ARI=100 (y ea rs )  
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FIGURE 5.2
EFFECT OF CATCHMENT AREA ON CRITICAL STORM DURATION 
SELECTION CRITERIA = PEAK OUTFLOW ARI = 100 years
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(b) it depends on catchment area for peak inflow as illustrated in the plotting 
series PI_AREA Figure A2.10.1 and summarized in Figure 5.1. As the 
catchment area increases the critical storm duration increases.
(c) it depends on catchment area for peak outflow as illustrated in the plotting 
series PO_AREA and summarized in Figure 5.2. As the catchment area 
increases the critical storm duration increases. This can be seen by referring 
to the A2.17.* series of plots.
(d) it depends on outlet pipe diameter for peak outflow as illustrated in the 
plotting series PO_AREA. As the outlet pipe diameter increases the critical 
storm duration decreases until the outlet pipe diameter has the capacity to 
allow all the storm water to pass through the pipe without the need for delays 
and storage.
5.5 Time Ratio Design Comparisons
The time ratios are displayed in Figure 5.3. These ratios are defined as follows: 
C r i t i c a l  Storm Duration Ratio = t peak inflow
"^peak outflow
Lag Ratio = Lag with no basin
Lag with basin  
= 0.72A0-46
0 .72A0-46 + S„SI/ Q P „
The results show the clear trend that as the critical storm duration ratio 
increases, the lag ratio increases.
TABLE 5.4 shows that the critical storm duration with detention will always be 
greater than for the case without detention.
The critical storm duration ratio depends on the pipe diameter. This can be 
explained in terms of increased storage time as water is impounded in the basin.
FOR ALL OUTLET PIPE DIAMETERS
1 .0 
0 . 9  
0.8 
0 . 7  
0 . 6  
0 . 5  
0 . 4  
0 . 3  






























0 . 9  
0 . 8  
0 . 7  
0 . 6  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0.1 
0 .0
0 . 0  0.1  0 . 2  0 . 3  0 . 4  0 . 5  0 . 6  0 . 7  0 . 8  0 . 9  1.0
C r it ic a l  S to rm  D u ra tio n  R a tio  
(T p e a k  in flo w / T p e a k  o u t f lo w )
FIGURE 5.3: TIME RATIO DESIGN COMPARISONS
FOR ALL OUTLET PIPES ARI = 100 yea rs
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Detention Basin C r i t i c a l  Storm Duration Analysis
Se lection  C r ite r io n  = Peak Outflow  
Catchment Area = 2.0 km2
ARI = 100 years
Pipe Storm In flow Peak Peak Storage Head Discharge Storage C r i t i c a l
Dia Duration Volume In flow Outflow Required Ratio Ratio Storm
TT VI XIP QP S Y QR SR Ratio
(mm) (hrs) (m**3) (cumecs)(cumecs) (m**3) (m) TTR
2100 2.0 274572. 36.18 26.92 67052. 8.189 0.74 0.24 0.589
1800 2.0 274572. 36.18 23.30 90193. 9.497 0.64 0.33 0.479
1500 2.5 299645. 32.71 19.02 122945. 11.088 0.58 0.41 0.355
1200 4.0 358672. 24.90 13.62 174813. 13.222 0.55 0.49 0.217
900 6.0 417324. 19.32 9.46 237626. 15.415 0.49 0.57 0.124
600 6.0 417324. 19.32 4.45 327199. 18.089 0.23 0.78 0.046
300 6.0 417324. 19.32 1.51 384890. 19.619 0.08 0.92 0.014
TABLE 5.4: Analysis of Critical Storm Duration with Varying Outlet Pipe
Diameter
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5.6 Comparison of Results with Three Simplified Design Procedures.
The results o f this study include all the outlet pipe diameters. ARIs and 
Catchment Areas, the ranges of which are summarized in TABLE 1.1 and TABLE 
1.2. They were compared to three simplified design methods as discussed below.
"... the most realistic of the simplified design procedures are those which 
adopt simplified hydrograph shapes." Boyd [1980]
The results of the computer detention basin design analysis have been compared 
with three simplified methods, all of which used triangular inflow hydrographs. 
The differences occurred with respect to the adopted shape of the outflow 
hydrographs, (illustrated in Figure 5.4)
FIGURE 5.4: Simplified inflow and outflow hydrographs.
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These simplified methods are summarized as follows:
1) Gould [1967] and Bartlett [1976] - adopted a constant outflow rate (q), 
OADE:
; '  ‘ ' ( i - ) ”
2) Culp [1947] -assumed a linear increase in outflow until the inflow peak
occurred, followed by constant outflow (ODEF), with the 





1.5* S + 0.625 
I )
0.5
3) Boyd [1980] -adopted a triangular outflow hydrograph (ODE):-
3
i
where: i = peak discharge of inflow hydrograph (m3/sec) 
q = peak discharge of outflow hydrograph (m3/sec) 
I = volume of inflow flood (cu.m)
S = volume of detention basin storage (cu.m)
The results are illustrated here for number of limiting cases:
1) For selection criterion = peak outflow
(i) For all the criteria set out in TABLE 1.2 [CASE OUTFLOW-ALL] that is 
storm duration: 0.167 to 6 hours; Catchment Areas: 0.2 to 5 km2. Refer to Figure 5.6.
(ii) As for the previous case but considering those cases for Hmax<5.0m. 
Refer to Figure 5.5.
These results compared very favourably with Boyd as the points were spread 
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2) For selection criterion =peak inflow
(i) For all the criteria set out in TABLE 1.2 [CASE OUTFLOW-ALL], that is 
storm duration: 0.167 to 6 hours; Catchment Areas: 0.2 to 5 km2. Refer 
to Figure 5.8.
(ii) As for the previous case but considering those cases for Hmax<5.0m. 
Refer to Figure 5.7.
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5.7 Conclusions
The design investigations undertaken in this study indicate the following 
conclusions.
1) Peak inflow increases as:
a) ARI increases
b) Storm duration increases and then it decreases after the critical storm 
duration is reached.
c) Catchment area increases.
2) Peak outflow increases as:
a) ARI increases
b) Storm duration increases and then it decreases after the critical storm 
duration is reached.
c) Catchment area increases.
3) Peak outflow depends on the:
a) outlet pipe diameter size,
b) the storage volume.
4) The critical storm duration has the following characteristics:
a) It does not depend on the ARI of the storm for a specified outlet pipe 
diameter.
b) It depends on catchment area for peak inflow.
c) It depends on catchment area for peak outflow.
d) It depends on outlet pipe diameter for peak outflow.
5) Results of time ratio design comparisons showed:
a) As the critical storm duration ratio increases, the lag ratio increases.
b) The critical storm duration with detention will always be greater than for 
the case without detention.
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c) The critical storm duration ratio depends on the pipe diameter. This can
be explained in terms of increased storage time as water is impounded in 
the basin.
The results of the analysis were found to yield predictable results. It is useful to 
quantify the trends of the various detention basin design parameters as analysed 
in this study.
The detention basin designer should be ever mindful of the effect of the various 
parameters when proposing to design a new detention basin.
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RAINFALL DESIGN INTENSITY CALCULATIONS A1-1
A l. WOLLONGONG RAINFALL INTENSITIES
Two sets of calculations were made for the Wollongong region as discussed in 
Section 1.
These calculations require input of:
- skewness
- geographic factors (F2,F50)
- rainfall intensities for BASIC ARIs (2 and 50 years) and Durations (6 
min, and 1, 12, 72 hours) as described by AAR [1987] Section 2.
The program used in these calculations is provided at the end of this Appendix. 
It is recommended this program be adapted for anyone wishing to use the ARR 
[1987] method of design rainfall estimation for another location.
A l . l  Rainfall Intensities for Storm Duration and ARI Analysis
These design rainfall intensities are shown in Figure A l . l .
The calculation summary of the design rainfall intensities for storm durations of: 
0.0833, 0.25, 0.50, 1, 3, 6, 12 and 24 hours.
A  detailed description of the calculations performed follows.
RAINFALL DESIGN INTENSITY CALCULATIONS A1-2
WOLLONGONG RAINFALL INTENSITIES
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGUKE A l . l :  RAINFALL INTENSITIES USED FOR PEAK OUTFLOW & ARI ANALYSIS
RAINFALL DESIGN INTENSITY CALCULATIONS A1-3
The method presented in Australian Rainfall and Runoff [1987], (hereinafter 
referred to as ARR), was used to determine the design intensity-frequency- 
duration (hereinafter referred to as IFD) rainfall for any given storm duration 
and ARI. TABLES 1.3 and 1.4 summarize the results of the rainfall intensity 
derived using this method.
The basic annual maximum rainfall data for durations of 5 minutes to 72 hours 
and ARIs from 1 year to 100 years, were fitted using a log-Pearson Type III 
(hereinafter referred to as LPIII) distribution with a predefined skewness.
The ARR [1987] algebraic equations procedure involves six steps (reproduced 
below) to obtain the IFD information, using data from the detailed rainfall 
intensity maps (master charts) given in ARR Volume 2 [1987]. The method of 
deriving these master charts is discussed in that volume.
The method used and a brief summary of the results of the derivation of IFD 
rainfalls are presented here (A full explanation of the formulae used is given in 
Appendix 1). The terminology and abbreviations used in these calculations are:
y1d = log -norm al r a i n f a l l  in te n s i ty  f o r  ARI o f  Y years and 
duration D.
YID = L P I I I  r a i n f a l l  i n t e n s i t y  f o r  ARI o f  Y y e a r s  and  
duration D .
Basic  Durations: 6 minutes, 1, 12 and 72 hours
Basic  ARIs: 2 and 50 years
Standard Durations: 5, 6, 10, 20, 30 minutes and 1, 2, 3, 6,
12, 24, 48 and 72 hours 1
Standard ARIs: 1, 2, 5, 10, 20, 50 and 100 years.
RAINFALL DESIGN INTENSITY CALCULATIONS A1-4
U Rainfall Design Intensities used for ARI and Storm Duration Analysis.
Step 1: Input Data Determination
The six basic rainfall intensities were read from Maps 1 -6 and the skewness value 
from Map 7. The geographical short duration factors F2 and F50 were read from 
Maps 8 and were used in calculations with durations less than one hour.
Step 2: 6 Minute Intensities for ARI 2 and 50 years
The 6 minute intensities for ARI 2 years (2i 6m) and for ARI 50 years i50!^ )  were 
calculated using the following formulae:
2ifim = F2 * i2̂ ) 0-9; and
50i6m =  F50 *  i50̂ ) 0-6
The results obtained so far are presented as follows:
Skewness=0.00, 6 minute geographic fa c to rs  F2=4.28, F50=15.75 
R a in fa l l  In te n s it ie s  fo r  BASIC ARIs and Durations
ARI 6 Mins 1 Hours 12 Hours 72 Hours
1




50 242.055 95.000 22.000 8.000
100
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Step 3: LPIII Design Rainfalls for ARI 2 and 50 years for Basic Durations.
The LPIII estimates from the basic log-normal (ARI 2 year and 50 years) input 
intensities, required the mean and standard deviation of the logarithms to be 
determined using the equations below:
* d = lo g10 (2i D/ l . 13)
SD = 0.4869*log10(50i D*1.13/2i D)
where: D = 6 minutes, 1 hour, 12 hours or 72 hours,
= mean o f  the logar ithm s o f  the prim ary r a i n f a l l  s e r i e s  
fo r  duration D and
SD = standard  d e v ia t io n  o f  the prim ary r a i n f a l l  s e r i e s  f o r  
duration D
The log-normal rainfall intensity estimates are symbolised by i, whilst the LPIII 
estimates are symbolised by I.
The results of these calculations are presented below:
the Calculated Means for Storms of Duration:
6 Minutes 1 Hour 12 Hour 72 Hour
2.08739 1.62362 0.94692 0.50322
the Calculated Standard Deviations for Storms of Duration:
6 Minutes 1 Hour 12 Hour 72 Hour 
0.14438 0.17242 0.19257 0.19469
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steP 4: LPIII Design Rainfalls for ARI 5,10,20 and 100 years for Basic Durations.
The LPIII rainfall intensities for ARI 5,10, 20 and 100 years were calculated as 
follows:
YI d = YP [a n t i lo g 10 + YK*SD) ]
where:
yId = t*1® LPIII rainfall intensity estimate for an ARI of Y 
years and duration D
and where:
( i )  YP = c o n v e r s io n  f a c t o r  f o r  an n u a l  to  p a r t i a l  s e r i e s
estimates:
YP = 1.13 i f  Y = 2 years  
— 1.05 i f  Y = 5 years  
= 1.00 i f  Y = 10 years o r more
( i i )  yK = 2* [ { (yKjj -  G/6) * G/6 + l } 3 -  1]/G, f o r  G>0
= YKn f o r  G=0
where G i s  the skewness (to  2 decimal p laces )  f o r  the loca t ion  (MAP 
7) and yKjj are  the standard  normal d ev ia te s  f o r  an ARI o f  Y years ,  
which are  given below:
2K* = 0 5Kh = 0.8416
= 1.2816 20K̂  = 1.6449
50Kn = 2.0537 100Kn = 2.3263
The yKjj Factors in the LPIII interpolation of rainfall intensities:
0.00000 0.00000 0.84160 1.28160 1.64490 2.05370 2.32630
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Step 5: One Year ARI Rainfall Intensities for Basic Durations.
The procedure for this step was to calculate the ARI 1 year intensities for 
durations, D, of 6 minutes (if required), 1 hour, 12 hours and 72 hours using the 
following formulae:
%  = 0.885 * 2I d/[1  + 0.4606 lo g 10(1.13 * 50ID/ % )  ]
where:
2I D = ARI 2 year L P I I I  r a i n f a l l  in ten s ity  fo r  duration D 
and 50I d = ARI 50 year L P I I I  r a i n f a l l  in ten s ity  fo r  duration D
The results of these calculations are as follows:
ARI 6 Mins 1 Hours 12 Hours 72 Hours
1 109.196 36.770 7.629 2.742
2 138.187 47.500 10.000 3.600
5 169.859 61.647 13.495 4.878
10 187.251 69.917 15.621 5.659
20 211.289 80.765 18.352 6.660
50 242.047 94.996 21.999 8.000
100 265.007 105.853 24.825 9.039
Step 6: Interpolation from Basic Durations to all other Durations for all ARIs.
The following formula forms the basis for interpolation and extrapolation between 
the basic durations of 6 minutes 1,12 and 72 hours, for all ARIs:
PD = l o g 10(D) + 0 .1 0 3  ( l o g 10 (D) ) 2 -  0 . 0 710 ( l o g 10 (D) ) 3 + 
0.0108(log10(D ) ) 5
where PD is the plotting position for the required duration, D (hours).
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The interpolated LPIII rainfall intensity (for all ARIs) for the required duration, D, 
is then given by:
i D =  i l < V I l > n
where N = (PD - PL) / (P0 - PL) ,
L(Lower) = the basic duration below the required duration D,
U(Upper) = the basic duration above the required duration D,
PL = lower plotting position using D = L in the initial equation in this 
Step,
Pu = upper plotting position using D = U in the initial equation in this 
Step,
and PD = the plotting position for the required duration, D,
between L and U, using the initial equation. ID, IL and Iu are the intensities 
corresponding to the durations D, L and U. The lower and upper durations, L and 
U are selected from the basic durations of 6 minutes, 1,12 and 72 hours.
The results of these calculations are as follows:
The BASIC Plotting Factors used in LPIII interpolation of rainfall intensities:
-0.83680 0.00000 1.12571 1.99645
The Plotting Factors used in the LPIII interpolation of rainfall intensities:
-0.88581-0.83680-0.55008-0.28979 0.00000 0.49312 0.81015 
1.12571 1.44384 1.99645
The N Factor used in the interpolation from BASIC to other DURATIONS:
-.05856 0.00000 0.34263 0.65370 1.00000 0.43806 0.71968
1.00000 0.36536 1.00000
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A summary of the program calculations follows:
WOLLONGONG RAINFALL INTENSITIES FROM ARR (1987)
Skewness= 0.00 6min geographic factors  F2= 4.28 F50= 15.75
R a in fa l l In tensit ies fo r  BASIC ARls and Durations
RP
1
6MIN 1HOUR 12HOUR 72HOUR
2
5
138.187 47.500 10.000 3.600
10
20
50 242.055 95.000 22.000 8.000100
THE CALCULATED MEANS FOR STORMS OF DURATION: 
6MIN 1HOUR 12HOUR 72HOUR
2.08739 1.62362 0.94692 0.50322
THE CALCULATED STD DEV FOR STORMS OF DURATION: 
6MIN 1HOUR 12HOUR 72HOUR 
0.14438 0.17242 0.19257 0.19469
The YKn Factors in the LP III  in terpolation  of r a in fa l l  in tens it ie s :  
0.00000 0.00000 0.84160 1.28160 1.64490 2.05370 2.32630
The BASIC Plotting Factors used in LPIII interpolaion of rainfall intensities: 
-0.83680 0.00000 1.12571 1.99645
The Plotting Factors used in the LPIII interpolation of rainfall intensities:
-0.88581 -0.83680-0.55008-0.28979 0.00000 0.49312 0.81015 1.12571 1.44384 1.99645
The N Factor used in the in terpo lation  from BASIC to other DURATIONS
-.05856 0.00000 0.34263 0.65370 1.00000 0.43806 0.71968 1.00000 0.36536 1.00000
RP 6MIN 1HOUR 12HOUR 72HOUR
1 109.196 36.770 7.629 2.742
2 138.187 47.500 10.000 3.600
5 169.859 61.647 13.495 4.878
10 187.251 69.917 15.621 5.659
20 211.289 80.765 18.352 6.660
50 242.047 94.996 21.999 8.000
100 265.007 105.853 24.825 9.039
RP 5MIN 6MIN 15MIN 30MIN 1HOUR 3 HOUR 6HOUR 12HOUR 24HOUR 72HOUR
1 116.383 109.196 75.203 53.603 36.770 18.463 11.856 7.629 5.250 2.742
2 147.106 138.187 95.844 68.754 47.500 24.003 15.477 10.000 6.885 3.600
5 180.246 169.859 120.024 87.568 61.647 31.689 20.659 13.495 9.305 4.878
10 198.372 187.251 133.608 98.343 69.917 36.263 23.778 15.621 10.780 5.659
20 223.531 211.289 151.976 112.683 80.765 42.200 27.802 18.352 12.672 6.660
50 255.675 242.047 175.680 131.332 94.996 50.050 33.151 21.999 15.202 8.000
100 279.639 265.007 193.508 145.454 105.853 56.081 37.277 24.825 17.163 9.039
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A1.2 Rainfall Intensities for Catchment Area Analysis
These deign rainfall intensities are shown in Figure A l.2.
The calculation summary of the design rainfall intensities for storm durations of:
0.1667, 0.25, 0.50, 0.75, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5 and 6 hours.
WOLLONGONG RAINFALL INTENSITIES (MM/HR)
STORM DURATION (HOURS)
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A summary of the program calculations follows:
WOLLONGONG RAINFALL INTENSITIES FROM ARR (1987)
Skewness= 0.00 6min geographic fa c to rs  F2= 4.28 F50= 15.75
R a in fa ll In te n s it ie s fo r  BASIC ARIs and Durations
RP
1
6MIN 1HOUR 12HOUR 72HOUR
2
5
138.187 47.500 10.000 3.600
10
20
50 242.055 95.000 22.000 8.000
THE CALCULATED MEANS FOR STORMS OF DURATION: 
6MIN 1HOUR 12HOUR 72HOUR
2.08739 1.62362 0.94692 0.50322
THE CALCULATED STD DEV FOR STORMS OF DURATION: 
6MIN 1HOUR 12HOUR 72HOUR 
0.14438 0.17242 0.19257 0.19469
The YKn Factors in the LPIII interpolation of rainfall intensities: 
0.00000 0.00000 0.84160 1.28160 1.64490 2.05370 2.32630
The BASIC Plotting Factors used in LPIII interpolaion of rainfall intensities: 
-0.83680 0.00000 1.12571 1.99645
The Plotting Factors used in the LPIII interpolation of rainfall intensities: 
-0.88581-0.83680-0.68542-0.55008-0.28979-0.12319 0.00000 0.17890 0.30845 0.40988 
0.49312 0.56364 0.62475 0.67866 0.72685 0.77041 0.81015 1.12571 1.99645
The N Factor used in the interpolation from BASIC to other DURATIONS 
-.05856 0.00000 0.18090 0.34263 0.65370 0.85278 1.00000 0.15892 0.27401 0.36411 
0.43806 0.50069 0.55499 0.60287 0.64568 0.68438 0.71968 1.00000 1.00000
RP 6MIN 1HOUR 12HOUR 72HOUR
1 109.196 36.770 7.629 2.742
2 138.187 47.500 10.000 3.600
5 169.859 61.647 13.495 4.878
10 187.251 69.917 15.621 5.659
20 211.289 80.765 18.352 6.660
50 242.047 94.996 21.999 8.000
100 265.007 105.853 24.825 9.039
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RP 5MIN 6MIN
1 116.383 109.196
2 147.106 138.187 
5 180.246 169.859
10 198.372 187.251 
20 223.531 211.289 


















































RP 3HOUR 3 .5HOUR 4HOUR 4 .5HOUR
1 18.463 16.731 15.361 14.247
2 24.003 21.771 20.005 18.567
5 31.689 28.813 26.532 24.670
10 36.263 33.014 30.434 28.327
20 42.200 38.459 35.487 33.056
50 50.050 45.668 42.181 39.328
100 56.081 51.211 47.334 44.158
5HOUR 5 .5HOUR 6 HOUR 12HOUR 72HOUR
13.319 12.533 11.856 7.629 2.742
17.369 16.352 15.477 10.000 3.600
23.117 21.797 20.659 13.495 4.878
26.566 25.070 23.778 15.621 5.659
31.024 29.295 27.802 18.352 6.660
36.941 34.907 33.151 21.999 8.000
41.500 39.235 37.277 24.825 9.039
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A1.3 Validation of Rainfall Intensities Calculations
The summary of calculations for the design rainfall intensities for the Canberra region 
are provided here.
This test case is used to validate the results of the ARR program, as the calculations 
and results are readily available in ARR (1987).
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A summary of the program calculations follows:
CANBERRA RAINFALL INTENSITIES FROM ARR (1987)
Skewness= 0.24 6min geographic fa c to rs  F2= 4.28 F50= 15.55









THE CALCULATED MEANS FOR STORMS OF DURATION:
6MIN 1HOUR 12HOUR 72HOUR 
1.78655 1.28934 0.58039 0.00383
THE CALCULATED STD DEV FOR STORMS OF DURATION:
6MIN 1HOUR 12HOUR 72HOUR 
0.18759 0.16755 0.15712 0.16961
The YKn Factors in  the L P I I I  in te rp o la t io n  o f r a in f a l l  in te n s it ie s :  




The BASIC Plotting Factors used in the LPIII interpolation of rainfall intensitie 
-0.83680 0.00000 1.12571 1.99645
The Plotting Factors used in the LPIII interpolation of rainfall intensities: 
-0.83680-0.55008-0.28979 0.00000 0.49312 0.81015 1.12571 1.44384 1.99645-0.88581
The N Factor used in the interpolation from BASIC to other DURATIONS
0.00000 0.34263 0.65370 1.00000 0.43806 0.71968 1.00000 0.36536 1.00000 -.05856
RP 6MIN 1HOUR 12HOUR 72HOUR
1 51.457 16.664 3.287 0.862
2 67.941 21.664 4.238 1.122
5 91.828 28.132 5.390 1.463
10 107.451 32.202 6.100 1.679
20 128.039 37.660 7.065 1.967
50 156.867 45.150 8.374 2.364
100 180.236 51.112 9.407 2.680
RP 5MIN 6MIN 15MIN 30MIN 1HOUR 3 HOUR 6HOUR 12HOUR 24HOUR 72HOUR
1 54.970 51.457 34.968 24.624 16.664 8.184 5.181 3.287 2.016 0.862
2 72.645 67.941 45.925 32.184 21.664 10.601 6.696 4.238 2.608 1.122
5 98.416 91.828 61.226 42.376 28.132 13.641 8.566 5.390 3.348 1.463
10 115.308 107.451 71.105 48.878 32.202 15.537 9.725 6.100 3.807 1.679
20 137.552 128.039 84.187 57.535 37.660 18.093 11.293 7.065 4.428 1.967
50 168.736 156.867 102.379 69.496 45.150 21.584 13.430 8.374 5.275 2.364
100 194.041 180.236 117.034 79.079 51.112 24.352 15.119 9.407 5.946 2.680
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A1.4 Program Used in Rainfall Intensity Calculations
The program used for the calculations for the results provided in Appendix A1.2 is 





C ### CALC'S INTENSITY-FREQUENCY-DURATION RAINFALL INTENSITIES ###
C ### FROM AUSTRALIAN RAINFALL & RUNOFF (ARR) 1987 ###
C ### CALC'S FOR 19 DURATIONS 5MIN TO 72HRS ###
PARAMETER (MAXDUR=19,MAXRP=7)
CHARACTER*80 STRH1, STRH2
DIMENSION XCALC (MAXDUR) , SCALC (MAXDUR) , YPFACT (MAXRP) ,
# AKFACT (MAXRP) , AKCALC (MAXRP) , RAININ (MAXRP, MAXDUR) ,
# RAINIT (MAXRP, MAXDUR) , IDTBL (MAXDUR) , ARI (MAXRP ) ,
# BASIC (MAXDUR) , DURATN (MAXDUR) , FACTLP (MAXDUR) ,
# FACTN (MAXDUR) , FACTBS (MAXDUR) , XINTNS (MAXRP, MAXDUR)
C # , IRPDUR (MAXDUR)
C
C XCALC: 1=6M, 2=1H, 3=12H, 4=72H
C DATA (XCALC(ID), ID=1,4) /2.087,1.624,.9682,.5151/
C SCALC: 1=6M, 2=1H, 3=12H, 4=72H
C DATA (SCALC(ID), ID=1,4) /.1509,.1833,.1870,.1889/
C
C YPFACT: 1=1YR, 2=2YR, 3=5YR, 4=10YR, 5=20YR, 6=50YR, 7=100YR
DATA (ARI ( IRP ) , IRP=1, 7)
# / l . , 2. ,5 . ,10.0,20.0,50.00,100./
DATA (YPFACT( IRP) , IRP=1,7)
# / l . 13,1.13,1.05,1.00,1.00,1.00,1.00/
DATA (AKFACT( IRP) , IRP=1,7)
# /0,0.0,0.8416,1.2816,1.6449,2.0537,2.3263/
C
C ----- Nominate the order in  which durations are to be reported  
C ----- NOTE: i )  Basic Durations MUST BE INCLUDED IN REPORT LIST -----
C ----- i i )  Durations MUST BE ascending order -----
C
DATA (DURATN ( ID) , ID=1, MAXDUR)
# /0.08333,0.1, .16666,0.25,0.5, .75,1. ,1.5,2.0,2.5,
# 3 .0 ,3 .5 ,4 .0 ,4 .5 ,5 .0 ,5 .5 ,6 . ,12 . ,72 ./
C ----- Report Table Headers -----
DATA STRH1/' RP 5MIN 6MIN 10MIN 15MIN 30MIN 45MIN
# 1HOUR 1.5HOUR 2HOUR 2 .5HOUR'/
DATA STRH2/' RP 3HOUR 3 .5HOUR 4HOUR 4 .5HOUR 5HOUR 5.5HOUR
# 6HOUR 12HOUR 72HOUR'/
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C
C ----- Basic Durations fo r  ca lcs -----
DATA (BASIC(ID), ID=1,4 )/O.1 ,1 . ,12 . ,72 ./
C
C * * *  STEP 1: INPUT DATA * * *
C * * * * * * * * * * * * * * *  WOLLONGONG * * * * * * * * * * * * * *
G = 0 .0 0  
F2 = 4 .2 8  
F50 = 15.75
WRITE ( * , * )  ' WOLLONGONG RAINFALL INTENSITIES FROM ARR (1987)"
WRITE (*,40) G, F2, F50 
40 FORMAT (/," Skewness= ' ,F6 .2 ,
# ' 6min geographic fac to rs  F2=",F6.2," F50= ",F6.2)
C
C ----- J = 1 FOR 6MIN DUR; =2 FOR 1HR DUR; =3 FOR 12HR DUR; =4 FOR 72HR DUR
C   1 = 2  FOR 2YR RP









C * * * * * * * * * * * * * * *  WOLLONGONG * * * * * * * * * * * * * *
C * * *  STEP 2: CALC 6MIN INTENSITIES * * *
C
C ----- J = 1 FOR 6MIN DUR;
XINTNS(2 ,1 ) = F2 * (XINTNS(2 ,2 ) * * 0 .9)
XINTNS(6 ,1 ) = F50*(XINTNS(6 ,2 )* *0 .6 )
C
WRITE (*,'(/)')
WRITE ( * , * )  " R a in fa ll In ten s it ie s  fo r  BASIC ARIs and Durations" 
WRITE ( * , * )  " RP 6MIN 1HOUR
# 12HOUR 72HOUR"
DO 100 IR = 1,MAXRP
IF (IR  .EQ. 2 .OR. IR .EQ. 6) THEN 
WRITE (*,
# ' ( 1 4 , (8X ) , (F 8 .3 ) ,2 (8X ) , (F8. 3 ) , 2 (8X), (F8 .3 ) ,6X , (F7 .3 ) ) " )
# INT(ARI ( IR ) ) , (XINTNS(IR,ID), ID=1,4)
ELSE
WRITE (*,
# " ( 1 4 , (8X ) , (F 8 .3 ) ,2 (8X ) , (F8. 3 ) , 2 (8X), (F8 .3 ) ,6X , (F7 .3 ) ) " )
# INT (ARI (IR) )
END IF
100 CONTINUE
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c
c * * *  STEP 3: CALC MEAN & STD DEV, & K FACTORS * * *
C
C ----- CALC THE MEAN (XCALC (X ) ) ,  & STD DEV. (SCALC (S ) )
DO 200 IT = 1,4
XCALC (IT) = ALOGIO(XINTNS(2 , I T ) / I .13)
SCALC (IT) = 0.4869*ALOG10(XINTNS(6,IT)*1.13/XINTNS(2,IT))
200 CONTINUE
WRITE (*,220)
WRITE ( * , ' ( IX ,10(F8. 5 ) ) ' )  (XCALC(ID), ID=1,4)
WRITE (*,240)
WRITE ( * , ' ( IX ,1 0 (F 8 .5 ) ) ' )  (SCALC(ID), ID=1,4)
C
IF (G .GT. 0.00) THEN 
SKEW = G
DO 250 IR = 1,MAXRP






DO 255 IR = 1,MAXRP
AKCALC (IR) = AKFACT(IR)
255 CONTINUE
END IF
WRITE ( * , ' ( / ) ' )
WRITE ( * , * )  ' The YKn Factors in the LPII I  in terpo lation  o f ra in  
# f a l l  in te n s it ie s : '
WRITE ( * , ' ( IX ,10(F8. 5 ) ) ' )  (AKCALC(IR), IR=1,MAXRP)
C
DO 300 IT = 1,4
VALOG = ALOGIO(BASIC(IT))
FACTBS(IT) =
# VALOG + 0.103*(VALOG**2) - .0710* (VALOG**3) +.0108*(VALOG**5)
300 CONTINUE
WRITE ( * , '  ( / ) ' )
WRITE ( * , * )  ' The BASIC P lo tt in g  Factors used in  LPI I I  in terpo lat  
#ion o f r a in fa l l  in te n s it ie s : '
WRITE ( * , ' ( IX ,10(F8. 5 ) ) ' )  (FACTBS(ID), ID=1,4)
C
DO 500 IT = 1,MAXDUR
VALOG = ALOGIO(DURATN( IT ) )
FACTLP(IT) =
# VALOG + 0.103*(VALOG**2) - .0710* (VALOG**3) +.0108*(VALOG**5)
500 CONTINUE
WRITE ( * , ' ( / ) ' )
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WRITE ( * , * )  ' The P lo tt in g  Factors used in  the LP I I I  in te rp o la tio  
#n o f r a in fa l l  in te n s it ie s : '
WRITE ( * , ' ( IX ,10(F8 . 5 ) ) ' )  (FACTLP(ID), ID=1,MAXDUR)
C
DO 600 IT = 1,MAXDUR
VALOG = ALOGIO (DURATN(IT) )
IRFDUR = 1
IF (DURATN( IT ) .GT. BASIC(2) )  THEN
IRFDUR = 2
IF (DURATN(IT) .GT. BASIC(3)) IRFDUR = 3 
END IF
FACTLO = FACTBS(IRFDUR)
C WRITE (*,*) 'IRFDUR ',IRFDUR
C WRITE (*,'(IX,8(1X,F8.5))')
C # FACTLP(IT),FACTLO,FACTBS(IRFDUR+1)




WRITE ( * , ' ( / ) ' )
WRITE ( * , * )  ' The N Factor used in the in terpo lation  from BASIC 
#to other DURATIONS'
WRITE ( * , ' ( IX ,10(1X,F7.5)) ' )  (FACTN(ID), ID=1,MAXDUR)
C
C ------  CALC 2-100 YR RAINFALL INTENSITIES -----
DO 2000 IR = 2 ,MAXRP 
DO 1000 ID = 1,4 
RAININ(IR, ID) =
CC # YPFACT(IR)* (10 **(XCALC(ID) + AKFACT(IR)*SCALC(ID)))






CALC 1 YR RP DIFFERENTLY-----
IR = 1
DO 3000 ID = 1,4
RAININ (IR, ID) = 0 .885*RAININ (2, ID) /
# (1+0.4046*ALOG10(1.13* +RAININ (6 , ID )/RAIN IN (2 , I D ) ) )
3000 CONTINUE
C
C ----- REPORT BASIC RAINFALL INTENSITIES CALCULATED -----
C
WRITE (* ,  ' ( "  1 "  ) ' )
WRITE ( * , * )  ' RP 6MIN 1HOUR
#
DO 5000 IR = 1,MAXRP
12HOUR 72HOUR
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WRITE (*,
# ' ( 1 4 , (8X),(F 8 .3 ) ,2 (8 X ) , (F 8 .3 ) ,2 (8 X ) , (F 8 .3 ) ,6 X , (F 7 .3 ) ) ' )
# INT(ARI(IR ) ) , (RAININ(IR,ID), ID=1,4)
5000 CONTINUE
C
C ----- CHECK WHERE THE BASIC DURATIONS ARE -----
ICK = 1
DO ID = 1, MAXDUR
IF (BASIC(ICK) .EQ. DURATN(ID)) THEN 
IDTBL(ICK) = ID 




C   RETABULATE RAINFALL INTENSITY DATA 
C
DO 5400 IR = 1,MAXRP 





C --  CALC ancillary rainfall intensities for storm durations --
C
ID = 3
DO 7000 IR = 1,MAXRP
RAINIT(IR,ID) = RAININ(IR,1)
# * ( (RAININ(IR,2 ) /RAININ(IR,1 ) ) **FACTN(ID)) 
7000 CONTINUE
C
C ----- CALC 3H DUR STORMS DIFFERENTLY-----
DO 7600 ID = 1,MAXDUR 
C
C --  SKIP BASIC DURATIONS--
IDURCK = 1 
DO ICK = 1 , 4
IF (BASIC(ICK) .EQ. DURATN(ID)) THEN 
GOTO 7600
ELSEIF (DURATN(ID) .GE. BASIC(ICK)) THEN 




DO 7500 IR = 1,MAXRP
RAINIT (IR, ID) = RAININ (IR, IDURCK)
# * ( (RAININ(IR, IDURCK+1) /RAININ (IR, IDURCK) ) **FACTN(ID) )
7500 CONTINUE
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7600 CONTINUE
C
C ----- REPORT RAINFALL INTENSITIES -----
WRITE ( * , ' ( / ) ' )
WRITE ( * , * )  STRH1





C ----- REPORT RAINFALL INTENSITIES -----
WRITE ( * , ' ( / ) ' )
WRITE ( * , * )  STRH2
DO 8500 IR = 1 ,MAXRP
WRITE ( * , ' ( 1 4 , 8 (F8. 3 ) , F7.3 ,F6 . 3 ) ' )
# INT (ARI (IR ) ) ,  (RAINIT (IR , ID) , ID=11,MAXDUR ) 
8500 CONTINUE 
C
220 FORMAT (/IX, ' THE CALCULATED MEANS FOR STORMS OF DURATION:'/
# ' 6MIN 1HOUR 12HOUR 72HOUR ' )
240 FORMAT (/IX,'THE CALCULATED STD DEV FOR STORMS OF DURATION:'/
# ' 6MIN 1HOUR 12HOUR 72HOUR ' )  
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CHANGES REQUIRED FOR THE OTHER RAINFALL INTENSITY CALCULATIONS
CDECK FID
PROGRAM FID
C ### CALC'S RAINFALL INTENSITIES FROM ARR 1987 ###
PARAMETER (MAXDUR=10,MAXRP=7)
DIMENSION XCALC (MAXDUR) , SCALC (MAXDUR) , YPFACT (MAXRP) ,
# AKFACT (MAXRP) , AKCALC (MAXRP) , RAININ (MAXRP, MAXDUR) ,
# RAINIT (MAXRP, MAXDUR) , IDTBL (MAXDUR) , ARI (MAXRP) ,
# BASIC (MAXDUR) , DURATN (MAXDUR) , FACTLP (MAXDUR) ,
# FACTN (MAXDUR) , FACTBS (MAXDUR) , XINTNS (MAXRP , MAXDUR)
C XCALC: 1=6M, 2=1H, 3=12H, 4=72H
DATA (XCALC(ID), ID=1, 4) /2.087,1.624, .9682, .5151/
C SCALC: 1=6M, 2=1H, 3=12H, 4=72H
DATA (SCALC( ID) , ID=1,4) /.1509, .1833, . 1870, .1889/
C YPFACT: 1=1YR, 2=2YR, 3=5YR, 4=10YR, 5=20YR, 6=5OYR, 7=100YR 
DATA (ARI ( IRP) , IRP=1,7)
# /l.,2.,5.,10.0,20.0,50.00,100./
DATA (YPFACT( IRP) , IRP=1,7)
# / l . 13,1 .13,1.05,1.00,1.00,1.00,1.00/
DATA (AKFACT( IRP) , IRP=1,7 )
# /0 ,0.0,0.8416,1.2816,1.6449,2.0537,2.3263/
DATA (BASIC(ID), ID=1,4 ) /0.1 ,1 . ,1 2 . ,7 2 ./
DATA (DURATN ( ID ) , ID=1, MAXDUR)
# /0 .1 ,0 .25 ,0 .5 ,1 . ,3 . ,6 . ,12 . ,24 . ,72 . ,0 .08333/
C
C * * *  STEP 1: INPUT DATA * * *
C * * * * * * * * * * * * * * *  WOLLONGONG * * * * * * * * * * * * * *
C G = 0.00
c F2 = 4 . 2 8
c F50 = 15.75
C WRITE ( * , * )  ' WOLLONGONG RAINFALL INTENSITIES FROM ARR (1987)'
C WRITE (* ,40) G, F2, F50
c40 FORMAT ( / , '  Skewness= ' ,F6 .2 ,
c # ' 6m±n geographic fa c to rs  F 2 = ' ,F6 .2 , '  F50= ' ,F6 .2 )
C   J = 1 FOR 6MIN DUR; =2 FOR 1HR DUR; =3 FOR 12HR DUR; =4 FOR 72HR DUR;
C   1 = 2 FOR 2YR RP
c XINTNS(2,2) = 4 7 . 5
c XINTNS(2 ,3 ) = 1 0 . 5
c XINTNS (2,4) = 3.7
C
C ----- 1 = 6 FOR 50YR RP
C XINTNS(6 ,2 ) =100.1
c XINTNS (6,3) = 2 2 . 5
c XINTNS (6,4) = 8.0
C * * * * * * * * * * * * * * *  WOLLONGONG * * * * * * * * * * * * * *
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C *************** CANBERRA **************
G = 0.24 
F2 = 4 . 2 8  
F50 = 15.55
WRITE ( * , * )  ' CANBERRA RAINFALL INTENSITIES FROM ARR (1987)'
WRITE ( * ,40 )  G, F2, F50 
40 FORMAT ( / , '  Skewness= ' , F 6 .2 ,
# ' 6min geographic fa c to rs  F 2 = ' , F 6 .2 , '  F50= ' ,F 6 .2 )
C J = 1 FOR 6MIN DUR; =2 FOR 1HR DUR; =3 FOR 12HR DUR; =4 FOR 72HR DUR
C ----- 1 = 2 FOR 2YR RP
XINTNS(2,2)  = 2 2 . 0  
XINTNS(2,3)  = 4.3
XINTNS(2,4)  = 1.14
C
C ----- 1 = 6 FOR 50YR RP
XINTNS(6,2)  = 4 3 . 0  
XINTNS(6,3)  = 8.00
XINTNS(6,4)  = 2.25





















C a t c h m e n t  A r e a  =  0 .2 0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  3 00 .  ( m m )
. 083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
F IG U RE  A 2 .1 .1 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 0 3 -0 2
PEAK OUTFLOW ANALYSIS
C a t c h m e n t  A r e a  =  0 .20  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  900 .  ( m m )
.083 .25 .5 1. 3.  6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .3 .1 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  0 .2 0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  600 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .2 .1 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  0 .20  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1200  ( m m )
♦083 .25 .5 1. 3. 6.  12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .4 .1 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  0 .2 0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1500  ( m m )
•083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .5 .1 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  0 .20  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1800  ( m m )
.083 .25 .5 1. 3. & .  12. 2 4 .
STORM DURATION (HOURS)
FIGURE A 2 .6 .1 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 1 8 -0 2
PEAK OUTFLOW ANALYSIS
C a t c h m e n t  A r e a  =  0 .2 0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  2 10 0  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .7 .1 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w











C a t c h m e n t  A r e a  =  1 .00  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  300 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .1 .2 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  1 .00  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  600 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 . 2 . 2 : V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 0 6 -1 0
PEAK OUTFLOW ANALYSIS
Catchm ent Area =  
Outlet Pipe D iam eter  =
1.00 (sq  km s)  
900. (m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .3 .2 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 0 9 -1 0
PEAK OUTFLOW ANALYSIS
C a tc h m e n t  A rea  = 
O u t le t  P ip e  D ia m e t e r  =
1.00 (sq  k m s )  
1200 ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .4 .2 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =
O u t l e t  P i p e  D i a m e t e r  =
ANALYSIS
1.00 (sq  k m s )  
1500 ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .5 .2 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w











C a t c h m e n t  A r e a  =  1 .00  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1800 ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .6 .2 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  1 .00  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  2 10 0  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .7 .2 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  2 .50  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  300 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .1 .3 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w











C a tc h m e n t  A rea  = 
O u t le t  P ip e  D ia m e t e r  =
2.50 (sq  k m s )  
600. ( m m )
.083 .25 .5 1. 3. 6.
STORM DURATION (HOURS)
12. 24.
FIGURE A 2 .2 .3 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 0 6 -2 5
PEAK OUTFLOW ANALYSIS
C a t c h m e n t  A r e a  =  2 .50  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  900 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .3 .3 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  2 .5 0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1200  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .4 .3 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  2 .5 0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1500  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIG U RE  A 2 . 5 .3 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 1 5 -2 5
PEAK OUTFLOW ANALYSIS
C a t c h m e n t  A r e a  =  2 .5 0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1800  ( m m )
*083 .25 .5 1 . 3 . 6. 1 2 . 24.
STORM DURATION (HOURS)
FIGURE A 2 .6 .3 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 1 8 -2 5
PEAK OUTFLOW ANALYSIS
C a tc h m e n t  A rea  = 
O u t le t  P ip e  D ia m e te r  =
2.50 (sq  k m s )  
2100 (m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .7 .3 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 2 1 -2 5
PEAK OUTFLOW ANALYSIS
C a t c h m e n t  A r e a  =  5 .00  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  300 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .1 .4 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 0 3 -5 0
PEAK OUTFLOW ANALYSIS
C a tc h m e n t  A rea  = 
O u t le t  P ip e  D ia m e te r  =
5.00 (s q  k m s ) 
600. (m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .2 .4 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 0 6 -5 0
PEAK OUTFLOW ANALYSIS
C a t c h m e n t  A r e a  =  5 .00  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  900 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .3 .4 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 0 9 -5 0
PEAK OUTFLOW ANALYSIS
C a t c h m e n t  A r e a  =  5 .00  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1200 ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .4 .4 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  5 .0 0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1500 ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .5 .4 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 1 5 -5 0
PEAK OUTFLOW ANALYSIS
C a t c h m e n t  A r e a  =  5 .00  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1800 ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .6 .4 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w
CASE 1 8 -5 0
PEAK OUTFLOW ANALYSIS
C a t c h m e n t  A r e a  =  5 .00  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  2 1 0 0  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .7 .4 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w











C a tc h m e n t  
O u t le t  P ip e
OUTFLOW
A rea  = 
D ia m e te r  =
ANALYSIS
2 5 .0  ( s q  k m s )
300 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .1 .5 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w











C a t c h m e n t  A r e a  =  2 5 .0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  600 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 2 4 .
STORM DURATION (HOURS)
FIGURE A 2 .2 .5 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  2 5 .0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  900 .  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .3 .5 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =
O u t l e t  P i p e  D i a m e t e r  =
ANALYSIS
2 5 .0  ( s q  k m s )
1200  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .4 .5 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  25 .0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  1500 ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .5 .5 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w











C a t c h m e n t  A r e a  =
O u t l e t  P i p e  D i a m e t e r  =
ANALYSIS
2 5 .0  ( s q  k m s )
1800  ( m m )
.083 .25 .5 1. 3. 6.
STORM DURATION (HOURS)
12. 24.
FIGURE A 2 .6 .5 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  25 .0  ( s q  k m s )
O u t l e t  P i p e  D i a m e t e r  =  2 10 0  ( m m )
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A 2 .7 .5 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  O u t f l o w


















C a t c h m e n t  A r e a  =  0 .20  ( s q  k m s )
F o r  ALL  O u t l e t  P i p e  D i a m e t e r
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
F IG U RE  A 2 .8 .1 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  I n f l o w
C a t c h m e n t  A rea 0.20 ( s q  k m s )
PEAK INFLOW ANALYSIS
C a t c h m e n t  A r e a  =  1 .00  ( s q  k m s )
F o r  A LL  O u t l e t  P i p e  D i a m e t e r
.083 .25 .5 1. 3. 6.
STORM DURATION (HOURS)
12. 24.
FIGURE A2.8.2: Variat ion of Detention Basin Peak Inflow











C a t c h m e n t  A r e a  =  2 .50  ( s q  k m s )
F o r  A L L  O u t l e t  P i p e  D i a m e t e r
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
F IG U RE  A 2 .8 .3 :  V a r i a t i o n  o f  D e t e n t i o n  B a s in  P e a k  I n f l o w


















C a t c h m e n t  A r e a  =  5 .00  ( s q  k m s )
F o r  A L L  O u t l e t  P i p e  D i a m e t e r
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIG U RE  A 2 .8 .4 :  V a r i a t i o n  o f  D e t e n t i o n Basin  P eak  In f lo w


















C a t c h m e n t  A r e a  =  2 5 .0  ( s q  k m s )
F o r  A L L  O u t l e t  P i p e  D i a m e t e r
.083 .25 .5 1. 3. 6. 12. 24.
STORM DURATION (HOURS)
FIGURE A2.8 .5 : V a r ia t io n  o f  D e te n t io n  Bas in  P ea k  In f lo w


























.1667 .25 5 .75 1 1.5 2. 3. 4. 5. 6.
STORM DURATION (HOURS)
FIGURE A 2 .9 .1






























.1667 .25 .5 .75 1 . 1.5 2. 3. 4 . 5 . 6 .
STORM DURATION (HOURS)
FIGURE A2.9.2





















































OUTLET PIPE DIAMETER =  1200 ( m m )  ARI = 100 ( y e a r s )
STORM DURATION (HOURS)
FIGURE A2.9.4
















































































1667 .25 .5 .75 1. 1.5 2. 3. 4. 5. 6.
STORM DURATION (HOURS)
FIGURE A2.9.6








































































1667 .25 .5 .75 1. 1.5 2. 3. 4. 5. 6.
STORM DURATION (HOURS)
FIGURE A2.10.1
EFFECT OF CATCHMENT AREA ON PEAK INFLOW




















OUTLET PIPE DIAMETER = 0300 (m m )  AREA = .20 (sq kms)
STORM DURATION (HOURS)
FIGURE A2.11.1




















OUTLET PIPE DIAMETER =  0600 (m m ) AREA = .20 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.12.1




















OUTLET PIPE DIAMETER =  0900 (m m ) AREA =  .20 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.13.1




















OUTLET PIPE DIAMETER = 1200 (m m ) AREA =  .20 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.14.1




















OUTLET PIPE DIAMETER =  1500 (m m ) AREA = .20 (sq  k m s)
STORM DURATION (HOURS)
FIGURE A2.15.1




















OUTLET PIPE DIAMETER = 1800 (m m ) AREA = .20 (sq  k m s)
STORM DURATION (HOURS)
FIGURE A2.16.1




















OUTLET PIPE DIAMETER =  2100 (m m ) AREA =  .20 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.17.1




















OUTLET PIPE DIAMETER = 0300 (m m ) AREA = 1.0 (sq  k m s )
STORM DURATION (HOURS)
FIGURE A2.11.2




















OUTLET PIPE  DIAMETER =  0600 (m m ) AREA = 1 . 0  (sq  k m s )
STORM DURATION (HOURS)
FIGURE A2.12.2
EFFECT OF ARI ON PEAK OUTFLOWS 
















































OUTLET PIPE DIAMETER = 1200 (m m ) AREA = 1 . 0  (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.14.2




















OUTLET PIPE DIAMETER =  1500 (m m ) AREA =  1.0 (sq  k m s)
STORM DURATION (HOURS)
FIGURE A2.15.2




















OUTLET PIPE DIAMETER =  1800 (m m ) AREA = 1.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.16.2




















OUTLET PIPE DIAMETER =  2100 (m m ) AREA = 1 . 0  (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.17.2




















OUTLET PIPE DIAMETER = 0300 (m m ) AREA = 2.5 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.11.3




















OUTLET PIPE DIAMETER =  0600 (m m ) AREA = 2.5 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.12.3




















OUTLET PIPE DIAMETER = 0900 (m m ) AREA = 2.5 (sq  k m s)
STORM DURATION (HOURS)
FIGURE A2.13.3




















OUTLET PIPE DIAMETER =  1200 (m m ) AREA =  2.5 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.14.3




















OUTLET PIPE DIAMETER = 1500 (m m ) AREA = 2.5 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.15.3




















OUTLET PIPE DIAMETER = 1800 (m m ) AREA = 2.5 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.16.3




















OUTLET PIPE DIAMETER = 2100 (m m ) AREA = 2.5 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.17.3





























OUTLET PIPE DIAMETER = 0300 (m m ) AREA = 5.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.11.4




















OUTLET PIPE DIAMETER = 0600 (m m ) AREA = 5.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.12.4




















OUTLET PIPE DIAMETER = 0900 (m m ) AREA = 5.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.13.4




















OUTLET PIPE DIAMETER = 1200 (m m ) AREA =  5.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.14.4




















OUTLET PIPE DIAMETER = 1500 (m m ) AREA = 5.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.15.4



























OUTLET PIPE DIAMETER = 1800 (m m ) AREA = 5.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.16.4




















OUTLET PIPE DIAMETER = 2100 (m m ) AREA = 5.0 (sq  km s)
FIGURE A2.17.4































































OUTLET PIPE DIAMETER — 0600 (m m ) AREA = 25.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.12.5




















OUTLET PIPE DIAMETER — 0900 (m m ) AREA = 25.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.13.5



























OUTLET PIPE DIAMETER = 1200 (m m ) AREA = 25.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.14.5




















OUTLET PIPE DIAMETER = 1500 (m m ) AREA = 25.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.15.5




















OUTLET PIPE DIAMETER = 1800 (m m ) AREA = 25.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.16.5




















OUTLET PIPE DIAMETER =  2100 (m m ) AREA = 25.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.17.5



















AREA .20 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.18.1



















AREA = 1.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.18.2



















AREA = 2.5 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.18.3



















AREA = 5.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.18.4



















AREA = 25.0 (sq  km s)
STORM DURATION (HOURS)
FIGURE A2.18.5






COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-1
A3. COMPARISON USING PULS GRAPHICAL STORAGE ROUTING 
PROCEDURE
A3.1 PROGRAM HYDROGRAPH AND STORAGE RESULTS 
A3.1.1 Introduction
Three test cases were analysed to verify that the program computations were 
correct. These cases are summarized in TABLE A3.1.
A3.1.2 Calculation of Hydrograph Results
Rainfall excess was calculated according to the discussion in Section 1.5, as 
follows:
Rainfall Excess (mm/hr) = Design Rainfall Intensity - 2.5.1 (A3.1)
The number of time increments considered during the design storm (NN), were 
calculated as follows:
NN = Storm Duration (hours)
Routing Period (hours) (A3.2)
The NN factor, as discussed in Section 2.2, is simply a multiplying factor, defined 
the number of time increments considered after the design storm has ceased.
1. The design continuing Loss rate initial loss fixed at zero.
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-2
PARAMETER TEST CASE
INPUT 1 2 3
Catchment Area (km2) 2 5 2
Return Period (years) 50 1 50
Storm Duration (hours) 1 6 3
Design R a in fa l l  Intensity (mm/hr) 95.0 11.9 50.0
Outlet Pipe Diameter (mm) 2100 1800 2100
Routing Period (mins) 5 30 10
NN fac to r 2 2 2
Discharge C o e f f ic ie n t s :
Cl 412.8 467.1 412.8
C2 0.128 0.128 0.128
C3 11.48 8.00 11.48
C4 7.07 16.63 7.07
C5 1.781 1.731 1.781
RESULTS:
Peak Inflow  (cumecs) 35.295 12.996 26.277
24.2702 12.3932 22.6072
Peak Outflow (cumecs) 23.9023 12.8423 22.4603
Percentage Accuracy 99 99 99
o f Peak Outflow
Required Storage (m3) 481392 178122 455902
481774 177234 457384
Percentage Accuracy 100 100 100
TABLE A3.1 Summary of Program Test Cases.
2. Results from graphical procedure.
3. Results from computer program.
4. Results using the derived S-q relationship
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-3
The lag time (k) was calculated at each time increment for each storage element 
according to Section 1.2. That is, for each storage element:
k = 0.24 A046 (A3.3)
Note that in TABLES A3.1.2, A3.2.2 and A3.3.2, the outflow hydrograph for the 
third storage element was the inflow hydrograph for the detention basin. These 
results were verified using a pocket calculator.
The detention basin outflow hydrograph was calculated according to the 
procedure outlined in Section 2.6, with the incremental lag times being calculated 
according to Section 1.10. Again these results were verified using a pocket 
calculator.
A3.1.3 Storage Calculations
The required design storage volume was calculated by two methods. This first 
used the derived S-q relationship, (summarized in TABLE 1.7, where S = e.qf and 
the second using the graphical ordinate results (i.e. the inflow and outflow values 
at each time increment, as discussed in Section 1.6).
The storage was calculated for each time increment, in the second method by 
integrating between the inflow and outflow hydrographs for each time increment, 
till they intersected as follows:
AS = 3600 [ (X3t -  XQt.i) + (X3t_x -X Q ^ ) ] At_ (A3.4)
2
where X3 = Basin Inflow (m3/sec)
XQ = Basin Outflow (m3/sec)
At = Routing Period (hours)
AS = Incremental Storage (m3)
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-4
The inflow and outflow hydrographs are presented in TABLES A3.1.4, A3.2.4 and 
A3.3.4. Required storage volume was calculated using those hydrographs.
Note that if the intersection of the inflow and outflow hydrographs occurred 
between two time increments, then the exact point of intersection was calculated 
using the two point formula. The derivation is quite straight forward.
FIGURE A3.1: Two Point Formula Analysis.
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-5
Referring to Figure A3.1 it can be seen that for two points (x^yj) and (x^y^:
y  ~Yi =  Y2_ z Y i  (
x - x x x2 -Xx
Similarly for a further two points (x 1,z1) and (x2,z2):
y -z-! = z9 ~z-[ (A3.6)
X -X i  X2 -X !
Expressing equations (A3.5) and (A3.6) in terms of y and equating the two 
equations, the intersection point x can be expressed as follows:
X = [ (Vi - z -,) (x, - x n) ] + xx (A3.7)
t(z2 -zi> (y2 “Yi)]
Now for the programming algorithm:
(x! '  Yi) = > ft ft 1 * U
)
ft 1
II(M>1CM (A tt / X3t
( x ^ z j  = (At
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Increment <X3 -XQ,,.!) Incremental Storage
Storage Required (S)
1 0.00 0 0
2 3.39 3051 3051
3 2.15 4968 8037
4 2.04 3771 11808
55 1.09 2817 14625
65 0.51 1440 16065
7 -2.55 306 16371
TABLE A3.2: Summaiy of Programme Storage Calculations. 
Therefore, IF ((X3t - XQt) .LT. 0). Then:
X = (X3t_j -  XQt.i) (A3.8)
<XQt -  XQt.x) -  (X3t -  X3t_!)
and
AS = At_. X. 3600 (X3t_x -  X Q ^ ) (A3.9)
2
where AS, At, X3 and XQ have been previously defined.
Once the storage was calculated the storage head was then calculated, as follows.
H
V 10 00 )
1/2
where H = 
S =
Storage head (m)
Total storage required  (m3)
(A3.10)
5 The intersection between the inflow and outflow hydrographs occurred 
between these two increments such that the exact point was determined 
by using the two point formula.
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-7
A3.2 Graphical Calculation of Peak Outflows
The graphical storage routing procedure incorporated Puls Method, as discussed 
in Sections 1.6 and 2.5, and more specifically Equation (2.2). Rearranging this 
equation for the purposes of this graphical procedure, as follows:
[St+i +q++i ■ At ] = [St -  qt . At ] + [ i  + i t+1]_A t _  (A3.11)
2 2 2
that is:
TERMj = TERM2 + TERM3
This storage routing procedure required the detennination of TERM l and TERM2 
for a number of assumed storage heads. The outflow rate was determined using 
the Head-Discharge equations derived in Section 1.9, and summarized in TABLE 
1.8.
The respective storages were determined using the following equations:
S = 1000 H2 (A3.12)
where S = Required storage volume (m3)
H = Storage Head (m)
The results of this routing are summarized in TABLE A3.1.3, A3.2.3, and A3.3.3.
The next step in this procedure was to evaluate TERM3. The inflow hydrograph for 
each test case was extracted from the computer program results, since the 
accuracy of these hydrograph had been verified in Section 4.
Therefore by drawing the (S+q.At/2) and the (S -q.A t/2 ) curves the storage 
routing procedure was undertaken. Routing the inflow hydrograph through the 
detention basin was accomplished by moving a distance of ( i t + it+i) .A t/2 
horizontally, (beginning at the origin), and drawing a vertical line to the 
(S +q . A t/2) line yielded the respectively storage head values. The resultant 
outflow rates were the determined using the discharge rating curves derived in 
Section 1.9, and summarized in TABLE 1.9.
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-8
Figures A3.2, A3.3 and A3.4, illustrate the graphical storage routing procedure 
for each test case. TABLES A3.2, A3.3 and A3.4, summarize the results of this 
graphical analysis.
The assumption that inflow was equal to ( i t + i t+1) /2 implied that the 
hydrograph was a straight line during the routing period (At). Therefore the 
controlling factor in selecting an appropriate routing period was that it be 
sufficiently short to ensure that this assumption is not seriously violated. The 
routing period should never be greater than the time of travel through the reach, 
for if it were, it would be possible for the wave crest to pass completely through 
the reach during the routing period.
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING
Detention Basin Analysis  
* * * * * * * * * * * * * * * * * * * * * * * *
* Input Data *
************************
In th is  an a lys is  a number o f  v a r ia b le s  are considered :-  
No. o f  catchment Areas (A) = 1
No. o f  return periods (T) = 1
No. o f  storm durations (TT)= 1
Size o f  catchments considered (km**2) : 2.00
Size o f  storm durations considered ( h r s ) : 1.000
Respective Routing P e r io d (s )  (Minutes) : 5.00




return p e r io d (s )  in  Years  
50.
1.000 95.0




return p e r io d (s )  in  Years 
50.
1.000 92.5
MM Factors used in  the NASH Model
2
Version 91.101
Do you want to  save th is  info? (YES/NO)
Pipe Diameter (mm)= 2100.00
Discharge C oe f f ic ien ts  used fo r  the above Pipe Diameter
Cl C2 C3 C4 C5
412.800 0. 128 11.480 7.070 1.781
Total Storage required= 0 .48139E+05
Pipe Diameter (mm) = 2100.00
Catchment Area (km**2) = 2.00
Return storm in flow Peak Peak Storage Head
period  duration Volume in flow outflow Required
T TT VI XIP QP S Y
(Yrs) (Hrs) (m**3) (cumecs) (cumecs) (m**3) (m)
50.00 1.000 185000.. 35.360 23.902 48139. 6.938
Ss -qre ln=  48176.85 0.08 %
A3-9
TABLE A3.1.1: Results of Detention Basin Program run for CASE 1 
(Used in PULS calculations)
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-10
Pipe Diameter= 2100. (mm) Catchment Area= 2.00 (km**2)
Return Period= 50. (Years) Storm Duration= 1.00 (Hours)
Routing Period= 5. (Mins)
Outflow Hydrographs fo r
Time Each storage Element (cumecs) Detention Basin
Increment 1 2 36 (cumecs)
1 11.518 1.291 0.145 0.050
2 20.455 4.585 0.771 0.287
3 27.388 8.919 2.111 0.881
4 32.768 13.661 4.168 1.947
5 36..941 18..411 6..829 3..516
6 40..180 22 .928 9..931 5..557
7 42..692 27..076 13..309 7 .999
8 44..641 30,.795 16..811 10..754
9 46..154 34..068 20..312 12 .579
10 47..327 36..908 23..714 13..918
11 48..237 39..345 26..944 15..295
12 48..944 41..418 29..956 16..661
13 37..974 41,.875 32..576 17 .984
14 29..462 40..047 34..456 19..230
15 22..859 36,.934 35..360 20 .361
16 17,.735 33..205 35..295 21,.348
17 13..760 29..292 34..388 22..181
18 10..676 25..465 32..817 22..845
19 8..283 21..882 30 .768 23..343
20 6..427 18 .626 28 .411 23..680
21 4..986 15..730 25..894 23..863
22 3..869 13,.197 23..332 23..902
23 3..001 11..009 20,.815 23..805
24 2..329 9..139 18..408 23..581
TABLE A3.1.2: Flood Routing for Each Element (using the Nash Model) for
CASE 1
6. The inflows for the Detention Basin




































COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-12
Pipe Diameter= 2100. (mm) Catchment Area= 2.00 (km**2)
Return Period=  50. (Years) Storm Duration= 1.00 (Hours)
Routing Period= 5. (Mins)
Head Outflow Storage (S+ Q*At/2) (S -Q*At/2)
(H) (Q) (S)
(m) (cumecs) (m**3)
0.5 0.64 250. 345. 155
1.0 2.12 1000. 1318. 682
1.5 4.29 2250. 2893. 1607
2.0 7.06 4000. 5059. 2941
2.5 10.41 6250. 7812 . 4688
3.0 12.13 9000. 10819. 7181
3.5 13.79 12250. 14319. 10181
4.0 15.42 16000. 18313. 13687
4.5 17.02 20250. 22803. 17697
5.0 18.59 25000. 27788. 22212
5.5 20.13 30250. 33269. 27231
6.0 21.65 36000. 39247. 32753
6.5 23.14 42250. 45722. 38778
7.0 24.62 49000. 52694. 45306
7.5 26.09 56250. 60163. 52337
8.0 27.53 64000. 68130. 59870
TABLE A3.1.3: Input for the Graphical Storage Routing Procedure for
CASE 1
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-13
Pipe Diameter= 2100. (mm) Catchment Area= 2.00 (km**2)
Return Period= 50. (Years) Storm Duration= 1.00 (Hours)











Head (H)7 Output8 





1 0.145 22. 14. 0.13 0.061 0.050
2 0.771 137. 87. 0.31 0.278 0.287
3 2.111 432. 257 . 0.59 0.848 0.881
4 4.168 942. 518. 0.90 1.766 1.947
5 6.829 1650. 830. 1.24 3.080 3.516
6 9.931 2514. 1153. 1.64 5.004 5.557
7 13.309 3486. 1453. 2.10 7.686 7.999
8 16.811 4518. 1705. 2.64 10.897 10.754
9 20.312 5568. 2069. 3.03 12.227 12.579
10 23.714 6604. 2629. 3.44 13.596 13.918
11 26.944 7599. 3217 . 3.92 15.165 15.295
12 29.956 8535. 3742 . 4.36 16.575 16.661
13 32.576 9380. 4183. 4.84 18.087 17.984
14 34.456 10055. 4473. 5.26 19.391 19.230
15 35.360 10472. 4534. 5.63 20.524 20.361
16 35.295 10598. 4342. 5.88 21.284 21.348
17 34.388 10452. 3923. 6.24 22.368 22.181
18 32.817 10081. 3327. 6.44 22.965 22.845
19 30.768 9538. 2610 . 6.73 23.827 23.343
20 28.411 8877 . 1824. 6.84 24.152 23.680
21 25.894 8146. 1014. 6.87 24.240 23.863
22 23.332 7384. 238. 6.88 24.270 23.902
23 20.815 6622 . 6.86 24.211 23.805
24 18.408 5883. 24.
48139.
Storage determined using S-q re la t ion  & peak outflow = 48177. (cumecs)
TABLE A3.1.4: Inflow and Outflow Hydrograph Results for CASE 1
7. These results are read off the Storage Head vs Storage Volume graph.



















DETENTION BASIN INFLOW AND OUTFLOW HYDROGRAPHS
x~-x Inflow Hydrograph 
* — Outflow Hydrograph
(K determined using iteration) 
••*• Graphical Procedure


























Catchment Area = 2 km2
Outlet Pipe Diameter = 2100 mm
ARI = 50 years
Routing Period = 5 mins







































COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-15
Detention Basin Analysis  
* * * * * * * * * * * * * * * * * * * * * * * *
* Input Data *
* * * * * * * * * * * * * * * * * * * * * * * *
In th is  ana ly s is  a number o f  v a r ia b le s  are considered  
No. o f  catchment Areas (A) = 1
No. o f  return periods (T) = 1
No. o f  storm durations (TT)= 1
Size o f  catchments considered (km**2) : 5.00
Size o f  storm durations considered ( h r s ) : 6.000
Respective Routing P e r io d (s )  (Minutes) : 30.00








R a in fa l l  Excess In tens ity  Tabulation  
storm :
duration : return p e r io d (s )  in  Years
(hours) : 1.
6.000 9.4
MM Factors used in the NASH Model 
2
Version 91.101
Do you want to save this info? (YES/NO)
Pipe Diameter (mm)= 1800.00
Discharge Coefficients used for the above Pipe Diameter
Cl C2 C3 C4 C5
467.100 0.128 8.000 16.630 1.731
Pipe Diameter (mm) = 1800.00
Catchment Area (km* *2) = 5.00
Return storm in flow Peak Peak Storage Head
period  duration Volume in flow outflow Required
T TT VI XIP QP S Y
(Yrs) (Hrs) (m**3) (cumecs) (cumecs) (m**3) (m)
1.00 6.000 280800. 12.996 12.842 17812. 4.220
Ss-qre ln i= 17722.54 0.51
TABLE A3.2.1: Results of Detention Basin Program run for CASE 2
(Used in PULS calculations)
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-16
Pipe Diameter= 1800. (mm) Catchment Area= 5.00 (km**2)
Return Period= 1. (Years) Storm Duration= 6.00 (Hours)
Routing Period= 30. (Mins)
Outflow Hydrographs fo r
Time Each storage Element (cumecs)9 Detention Basin
Increment 1 2 3  (cumecs)
1 8.630 2.864 0.951 0.638
2 11.531 7.655 3.811 2.787
3 12.506 10.552 7.324 6.044
4 12.834 11.958 9.933 8.616
5 12..944 12 .576 11,.483 9..847
6 12..981 12..833 12 ,.294 10..913
7 12..994 12..935 12 ,.686 11..652
8 12..998 12,.976 12,.865 12..142
9 12..999 12..991 12..943 12..431
10 13..000 12..997 12..977 12..627
11 13..000 12..999 12..991 12..757
12 13..000 13..000 12 .996 12 ,.842
13 4.370 10.135 12.048 12.701
14 1.469 5.345 9.188 11.865
15 0.494 2.448 5.676 9.683
16 0.166 1.042 3.066 4.988
17 0.056 0.424 1.517 1.781
18 0.019 0.167 0.706 0.949
19 0.006 0.065 0.314 0.384
20 0.002 0.024 0.135 0.171
21 0.001 0.009 0.057 0.067
22 0.000 0.003 0.023 0.028
23 0.000 0.001 0.009 0.011
24 0.000 0.000 0.004 0.004
TABLE A3.2.2: Flood Routing for Each Element
(using the Nash Model) for CASE 2
9. The inflows for the Detention Basin from Head vs Volume graph.
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-17
Pipe Diameter= 1800. 















(S+ Q*At/2) (S -Q*At/2)
o Ul 0.57 250. 765. -265
1.0 1.96 1000. 2764. -764
1.5 4.03 2250. 5874. -1374
2.0 6.69 4000. 10025. -2025
2.5 8.14 6250. 13580. -1080
u> o 9.56 9000. 17605. 395
3.5 10.95 12250. 22103. 2397
4.0 12.31 16000. 27080. 4920
4.5 13.65 20250. 32539. 7961
5.0 14.98 25000. 38482. 11518
5.5 16.29 30250. 44910. 15590
6.0 17.58 36000. 51825. 20175
6.5 18.86 42250. 59228. 25272
7.0 20.13 49000. 67121. 30879
7.5 21.39 56250. 75504. 36996
00 o 22.64 64000. 84378. 43622




















Catchment Area — 5 km2
Outlet Pipe Diameter = 1800 mm
ARI = 1 years
Routing Period = 5 mins
Storm Duration 6 hour
JO 40



































COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-19
Pipe Diameter= 1800. (mm) 
Return Period= 1. (Years) 
























1 0.951 856. 281. 0.49 0.552 0.638
2 3.811 4286. 1203. 1.18 2.630 2.787
3 7.324 10022. 2074. 1.84 5.789 6.044
4 9.933 15532. 2338. 2.50 8.145 8.616
5 11.483 19275. 2658. 2.92 9.336 9.847
6 12.294 21399. 2715. 3.36 10.562 10.913
7 12.686 22482. 2173. 3.65 11.359 11.652
8 12.865 22996. 1581. 3.81 11.796 12.142
9 12.943 23227. 1111. 3.87 11.959 12.431
10 12.977 23328. 776. 3.96 12.203 12.627
11 12.991 23371. 526. 4.00 12.312 12.757
12 12.996 23388. 350. 4.03 12.393 12.842
13 12.048 22540. 27 . 3.94 12.149 12.701
14 9.188 19113. 12 .
15 5.676 13378. 10.
16 3.066 7868. 5.
17 1.517 4126. 2.
18 0.706 2001. 1.
19 0.314 919. 0.
20 0.135 405. 0.
21 0.057 173. 0.
22 0.023 72 . 0.
23 0.009 29. 0.
24 0.004 12. 0.
17812.
Storage determined using S-q re la t ion  & peak outflow= 17723. (cumecs)
TABLE A3.2.4: Inflow and Outflow Hydrograph Results for CASE 2
10. These results are read off the Storage Head vs Storage Volume graph.

















DETENTION BASIN INFLOW AND OUTFLOW HYDROGRAPHS
,\ Inflow Hydrograph 
Outflow Hydrograph 
(K determined using iteration) 
Graphical Procedure 
(K determined using q^)
Catchment Area = 5 km2
Outlet Pipe Diameter = 1800 mm
ARI = 1 years
Routing Period S 30 mins







































COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-21
Detention Basin Analysis  
* * * * * * * * * * * * * * * * * * * * * * * *
* Input Data *************************
In th is  analysis  a number o f va r iab le s  are considered:-  
No. o f catchment Areas (A) = 1
No. o f return periods (T) = 1
No. o f storm durations (TT)= 1
Size o f catchments considered (km**2) : 1.00
Size o f storm durations considered (h r s ) : 3.000
Respective Routing Period (s )  (Minutes) : 10.00
R a in fa l l  Intensity  Tabulation  
storm :
duration : return p eriod (s )  in Years
(hours) : 50.
3.000 : 50.0
R a in fa l l  Excess Intensity  Tabulation  
storm :
duration : return period (s )  in Years
(hours) : 50.
3.000 : 47.5
MM Factors used in the NASH Model 
2
Version 91.101
Do you want to save this info? (YES/NO)
Pipe Diameter (mm)= 2100.00
Discharge C oe ffic ients  used fo r  the above Pipe Diameter
Cl C2 C3 C4 C5
412.800 0.128 11.480 7.070 1.781
Pipe Diameter (mm) = 2100.00
Catchment Area (km* *2) = 1.00
Return storm inflow Peak Peak Storage Head
period duration Volume inflow outflow Required
T TT VI XIP QP S Y
(Yrs) (Hrs) (m**3) (cumecs) (cumecs) (m**3) (m)
50.00 3.000 142650. 13.205 13.071 9086. 3.014
Ss-qreln 8993.30 1.03
TABLE A3.3.1: Results of Detention Basin Program run for CASE 3
(Used in PULS calculations)
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-22
Pipe Diameter= 2100. (mm) Catchment Area= 2.00 (km**2)
Return Period= 50. (Years) Storm Duration^ 3.00 (Hours)
Routing Period= 10. (Mins)
Outflow Hydrographs fo r
Time Each storage Element (cumecs) Detention Basin
Increment 1 2 312 (cumecs)
1 10.649 2.146 0.433 0.204
2 17.005 6.855 2.072 1.061
3 20.799 11.711 4.979 2.896
4 23.063 15.830 8.523 5.589
5 24.415 19.018 12.111 8.747
6 25.222 21.356 15.367 11.849
7 25.703 23.012 18.115 13.253
8 25.991 24.155 20.319 14.704
9 26.163 24.929 22.021 16.059
10 26.265 25.447 23.298 17.275
11 26.326 25.789 24.233 18.349
12 26.363 26.013 24.906 19.290
13 26..384 26..158 25..381 20,.123
14 26..397 26..252 25..713 20..847
15 26..405 26..312 25..943 21..477
16 26..410 26..351 26..099 22..025
17 26..413 26 .375 26..206 22..503
18 26..414 26..391 26..277 22 . 922
19 15..767 24..254 25..892 23..266
20 9..411 19 .552 24..284 23..460
21 5.617 14.700 21.399 23.392
22 3.353 10.582 17.868 22.982
23 2.001 7.396 14.289 22.212
24 1.195 5.059 11.039 21.067
TABLE A3.3.2: Flood Routing for Each Element (using the Nash Model) for
CASE 3
12. The inflows for the Detention Basin
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-23
Pipe D±ameter= 2100. (mm) Catchment Area= 2.00 (km**2)
Return Period= 50. (Years) Storm Duration= 3.00 (Hours)
Routing Period= 10. (Mins)
Outflow Hydrographs fo r
Time Each storage Element (cumecs) Detention Basin
Increment 1 2 313 (cumecs)
25 0.713 3.404 8.295 19.547
26 0.426 2.261 6.093 17.643
27 0.254 1.487 4.392 15.303
28 0.152 0.969 3.117 12.450
29 0.091 0.627 2.182 6.894
30 0.054 0.404 1.510 3.425
31 0.032 0.258 1.035 1.862
32 0.019 0.165 0.703 1.107
33 0.011 0.104 0.474 0.698
34 0.007 0.066 0.317 0.451
35 0.004 0.042 0.211 0.293
36 0.002 0.026 0.140 0.191
TABLE A3.3.2: Flood Routing for Each Element (using the Nash Model)
CASE 3 (continued)
13. The inflows for the Detention Basin
COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-24
Pipe Diameter= 2100. (mm) Catchment Area= 2.00 (km**2)
Return Period= 50. (Years) Storm Duration= 3.00 (Hours)
Routing Period= 10. (Mins)
Head Outflow Storage (S+ Q*At/2) (S -Q*At/2)
<H) (Q) (S)
(m) (cumecs) (m**3)
0.5 0.64 250. 441. 59
1.0 2.12 1000. 1636. 364
1.5 4.29 2250 . 3536. 964oCM 7.06 4000. 6119. 1881
2.5 10.41 6250. 9374. 3126
3.0 12.13 9000. 12638. 5362
3.5 13.79 12250. 16388. 8112
4.0 15.42 16000. 20627. 11373
4.5 17.02 20250. 25356. 15144
5.0 18.59 25000. 30576. 19424
5.5 20.13 30250. 36288. 24212
6.0 21.65 36000. 42494. 29506
6.5 23.14 42250. 49193. 35307
7.0 24.62 49000. 56387. 41613
7.5 26.09 56250. 64076. 48424o00 27.53 64000. 72259. 55741




























































COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-26
Pipe Diameter= 












Time Inflow  
Incremental ( I )  
(cumecs)












1 0.433 130. 69. 0.13 0.061 0.204
2 2.072 751. 372. 0.59 0.848 1.061
3 4.979 2115. 928. 1.08 2.423 2.896
4 8.523 4050. 1505. 1.64 5.004 5.589
5 12.111 6190. 1890. 2.12 7.814 8.747
6 15.367 8243. 2065. 2.57 10.655 11.849
7 18.115 10045. 2514. 3.04 12.261 13.253
8 20.319 11530. 3143. 3.52 13.860 14.704
9 22.021 12702. 3473. 3.96 15.294 16.059
10 23.298 13596. 3596. 4.36 16.575 17.275
11 24.233 14259. 3572. 4.72 17.712 18.349
12 24.906 14742. 3450. 5.02 18.648 19.290
13 25.381 15086. 3262. 5.28 19.452 20.123
14 25.713 15328. 3037. 5.51 20.158 20.847
15 25.943 15497. 2800. 5.72 20.798 21.477
16 26.099 15613. 2562. 5.90 21.344 22.025
17 26.206 15692. 2333. 6.05 21.797 22.503
18 26.277 15745. 2117 . 6.17 22.158 22.922
19 25.892 15651. 1794. 6.27 22.457 23.266
20 24.284 15053. 1035. 6.32 22.607 23.460
21 21.399 13705. 72. 6.23 22.338 23.392
22 17.868 11780. 23.
23 14.289 9647 . 22.
24 11.039 7598. 21.
45590.
Storage determined using S-q re la t ion  & peak outflow= 45738. (cumecs)
TABLE A3.3.4: Inflow and Outflow Hydrograph Results for CASE 3
14. These results are read off the Storage Head vs Storage Volume graph.

















DETENTION BASIN INFLOW AND OUTFLOW HYDROGRAPHS
¿0
x--x Inflow Hydrograph 
a — a Outflow Hydrograph
(K determined using iteration) 
„,,. Graphical Procedure
















Catchment Area = 2 km2
Outlet Pipe Diameter = 2100 mm
ARI = 50 years
Routing Period = 10 min3
Storm Duration = 3 hour




































COMPARISON USING PULS GRAPHICAL STORAGE ROUTING A3-28
Pipe Diameter= 2100. (mm) Catchment Area= 2.00 (km**2)
Return Period= 50. (Years) Storm Duration= 3.00 (Hours)
Routing Period= 10. (Mins)
Time Inflow (I +1 )At Incremental Head (H)16 Output Output
Increment (I) 2 Storage (Graphical) (Graphical) (Program)
(cumecs) (m**3) (m) (cumecs) (cumecs)
25 8.295 5800. 20
26 6.093 4316. 18
27 4.392 3146. 15
28 3.117 2253. 12
29 2.182 1590. 7
30 1.510 1108. 3
31 1.035 764. 2
32 0.703 521. 1
33 0.474 353. 1
34 0.317 237. 0
35 0.211 158 . 0
36 0.140 105. 0
45590.
Storage determined using S-q relation & peak outflow= 45738. (cumecs) 
NOTE: Discharge-Head Coefficients Used:- 2.120 1.736 2.326 4.840 0.836
TABLE A3.3.4: Inflow and Outflow Hydrograph Results for CASE 3 (continued)




R o u t i n g  P e r i o d s  ( mi n s)
0 . 2 5  0 . 5 0  1 . 0 0  5 . 0 0
Ca t c h me n t R e t u r n S t o r m P e r c e n t a g e A c c ur a c y o f : -
X I P QPA r e a P e r i o d D u r a t i o n X I P QP S X I P QP s X I P QP s S
( k m * * 2 ) ( Y e a r s ) ( H o u r s ) ( c ume cs ) ( c u m e c s ) ( m * * 3 )
O u t l e t P i p e  D i a m e t e r «  2 100 . (mm)
10 . 2 1. 0 . 0 8 3 1 . 2 3 3 1 . 0 0 9 4 1 6 . 9 1 ★  * * * * * * * * * * * * * 1
0 . 2 5 2 . 1 7 2 1 . 7 9 4 7 9 8 . 0 2 ★  * it it * * * * * * *  * * * 1 1
0 . 2 1 0 0 . 0 . 0 8 3 3 . 0 0 1 2 . 3 8 4 1 0 9 9 . 7 8 itit itit * * * * * * *  * * * 1 1
0 . 2 5 5 . 7 0 7 4 . 5 6 2 2 2 8 6 . 9 3 it * itit * * * * * * * * * * 1 1
2 . 5 1. 0 . 0 8 3 4 . 8 7 1 4 . 6 6 8 2 3 4 6 . 8 7 itit * * * * * * * * * * * * *★
0 . 2 5 9 . 2 4 9 8 . 8 1 1 4 8 0 5 . 6 6 * * itit * * * * * * * * * * * * 1
2 . 5 1 0 0 . 0 . 0 8 3 1 1 . 8 5 6 1 1 . 2 5 5 6 3 3 3 . 7 1 ★  * itit * * * * * * * * * * * * 1
0 . 2 5 2 4 . 3 0 0 1 8 . 4 3 5 2 3 3 9 7 . 2 1 ★  it itit * * * * * * * * * * *  *
2 5 . 0 1. 0 . 0 8 3 1 6 . 9 0 6 1 5 . 8 6 4 1 5 4 0 7 . 7 5 itit *  * * * * * * * * * * * * * *  *
0 . 2 5 3 2 . 3 4 5 2 6 . 6 2 8 6 5 0 5 6 . 5 7 itit * * * * * * *  * * * *  * *  * *  *
2 5 . 0 1 0 0 . 0 . 0 8 3 4 1 . 1 5 0 3 1 . 6 1 9 1 0 4 9 0 0 . 0 0 it it it* * * * * * * *  * *  * *  * * *
0 . 2 5 8 4 . 9 7 9 5 0 . 1 2 9 3 7 7 8 9 6 . 1 9 it it *  * * * *  * * * *  * *  * *  * *  *
O u t l e t P i p e  D i a m e t e r «  300 . (mm)
0 . 2 1. 0 . 0 8 3 1 . 2 3 3 0 . 2 0 4 1 4 0 5 . 5 2 it * * * * * * * *  * * * * * *  * *  *
0 . 2 5 2 . 1 7 2 0 . 2 6 4 2 9 0 8 . 4 2 ★  ★ * * * * * * * * * * *  * *  * *  *
0 . 2 1 0 0 . 0 . 0 8 3 3 . 0 0 1 0 . 2 9 1 3 8 3 1 . 9 0 ★  * *  * ★  ★ * * * * * * * * * * *  *
0 . 2 5 5 . 7 0 7 0 . 3 8 5 8 3 7 1 . 0 0 ★  * * * *  * * * * * ★  * * * *  * *  *
2 . 5 1. 0 . 0 8 3 4 . 8 7 1 0 . 5 1 9 1 9 3 3 3 . 3 8 * * * * * * *  * * * * * * * * * *  *
0 . 2 5 9 . 2 4 9 0 . 6 6 8 3 9 3 1 5 . 4 4 *  * * * *  * * * *  * * * * * * *
2 . 5 1 0 0 . 0 . 0 8 3 1 1 . 8 5 6 0 . 7 3 3 5 0 8 9 9 . 3 8 ★  * it* * * * * * * * * * * * * *  *
0 . 2 5 2 4 . 3 0 0 0 . 9 6 4 1 0 9 6 1 6 . 8 0 it it * * * * * * ★  ★ * * * * * * * *
2 5 . 0 1. 0 . 0 8 3 1 6 . 9 0 6 1 . 2 0 6 2 0 5 5 6 6 . 2 0 1kit * * * * * * *  * *★ *  * * * *  *
0 . 2 5 3 2 . 3 4 5 1 . 5 4 4 4 1 0 9 1 0 . 5 0 it it *  * *  * * * * * * * * * *  *
2 5 . 0 1 0 0 . 0 . 0 8 3 4 1 . 1 5 0 1 . 6 9 0 5 2 8 7 9 2 . 5 0 it it * * * * * * * * * * * * * * *  *
0 . 2 5 8 4 . 9 7 9 2 . 2 1 3  1 1 2 5 3 0 7 . 0 0 it it * * *  * * * * * *  * * * * *
N o t e  * *  i n d i c a t e s  a c c u r a c y  i s  w i t h i n  + / -  1%



















































R o u t i n g  P e r i o d s  ( m i n s )
5 . 0 0  1 0 . 0 0  1 5 . 0 0  2 0 . 0 0  2 5 . 0 0
C a t c h m e n t R e t u r n S t o rm P e r c e n t a g e  A c c u r a c y o f  s: -
A r e a P e r i o d D u r a t i o n X I P QP S X I P QP s X I P QP s X I P QP s X I P QP S
( km* *  2) ( Y e a r s ) ( H o u r s ) ( c u m e c s ) (cumecs) ( m * * 3 )
O u t l e t  P i p e  D i a m e t e r »  2 1 0 0 .  (mm)
0 . 2 1 . 3 . 0 0 0 0 . 8 8 7 0 . 8 8 7 3 6 0 . 5 0 * * * * * * 3 1 1 6 7 8 14 11 12
6 . 0 0 0 . 5 2 0 0 . 5 2 0 1 9 7 . 3 2 * * it it it it 3 1 2 6 8 9 14 11 12
0 . 2 1 0 0 . 3 . 0 0 0 2 . 9 7 7 2 . 9 7 7 1 4 1 2 . 9 2 * * it it it it 3 * * * * 6 5 6 14 10 12
6 . 0 0 1 . 9 3 2 1 . 9 3 2 8 6 7 . 7 0 * * it it it it 3 1 1 6 6 7 14 11 12
2 . 5 1 . 3 . 0 0 0 1 0 . 9 5 7 1 0 . 9 1 0 6 1 1 5 . 1 7 * * it it ir it * * it it * * it it * * * * * * * * * *
6 . 0 0 6 . 4 9 7 6 . 4 9 7 3 4 0 7 . 9 1 * * it it it it * * it it it it it it * * * ★ * * ★  k
2 . 5 1 0 0 . 3 . 0 0 0 3 6 . 7 7 8 2 9 . 8 3 9 8 9 2 9 2 . 1 2 * * it it it it it it ★  * it it it it * * k k 1 3
6 . 0 0 2 4 . 1 5 0 2 3 . 7 5 8 4 7 3 7 6 . 6 3 * * it it it it it it ir it 1k it it it it it * * * * 1
2 5 . 0 1 . 3 . 0 0 0 7 3 . 0 4 4 4 7 . 5 9 8 3 2 7 1 9 0 . 4 1 * * it it it it it it it it it it it it •kit k k 2 2 4
6 . 0 0 6 0 . 6 8 5 4 6 . 5 0 0 3 0 6 6 2 9 . 5 0 * * it it it it it it ★  ★ it it it it •kit k k 1 1 3
2 5 . 0 1 0 0 . 3 . 0 0 0 2 4 5 . 1 7 8 9 2 . 3 7 7 2 0 6 8 4 6 3 . 0 0 *  it it it it it it it *★ it it it it •kit k  k 2 1 3
6 . 0 0 2 2 5 . 5 7 1 1 0 0 . 0 1 8 2 5 8 0 0 8 5 . 0 0 * * it it it it it it * * it it k  it it it k  k 1 1 3
O u t l e t  P i p e  D i a m e t e r »  3 0 0 .  (mm)
0 . 2 1 . 3 . 0 0 0 0 . 8 8 7 0 . 3 5 0 6 3 9 1 . 3 6 * * it it it it 3 * * it it 6 it it k k 14 1 2
6 . 0 0 0 . 5 2 0 0 . 3 3 1 5 4 6 7 . 9 7 * * it it it it 3 * * irit 6 it it k  k 14 1 3
0 . 2 1 0 0 . 3 . 0 0 0 2 . 9 7 7 0 . 5 8 2 2 6 6 8 3 . 4 7 * * it it it it 3 it it 1 6 k k 14 1 2
6 . 0 0 1 . 9 3 2 0 . 6 1 5 3 1 1 0 6 . 7 9 * ★ it it it it 3 * * ★ it 6 ♦ it k k 14 1 2
2 . 5 1 . 3 . 0 0 0 1 0 . 9 5 7 0 . 9 5 3 1 0 6 2 4 8 . 3 0 * * it it it it ♦ it * * * ★ ★  ★ •kit k  k ★ * 1 3
6 . 0 0 6 . 4 9 7 0 . 9 9 4 1 1 9 4 5 5 . 6 0 * * it it it it it it *  * * * * ★ •kit k k * * 1 3
2 . 5 1 0 0 . 3 . 0 0 0 3 6 . 7 7 8 1 . 5 0 0 3 7 8 7 8 8 . 8 1 ★ * it it it it it it it ir * * it it it it k  k *  * 1 3
6 . 0 0 2 4 . 1 5 0 1 . 6 3 9 4 8 5 0 7 9 . 0 0 k it it it it it it it it it ★  ★ it it •kit k k * * 1 3
2 5 . 0 1 . 3 . 0 0 0 7 3 . 0 4 4 2 . 2 1 2 1 1 2 3 8 9 2 . 0 0 it it it it it it * * it it it it k  :k k k 2 1 3
6 . 0 0 6 0 . 6 8 5 2 . 3 3 9 1 3 1 4 0 8 8 . 0 0 it it it it it it * * it it it it it it k k k k 1 1 3
2 5 . 0 1 00 . 3 . 0 0 0 2 4 5 . 1 7 8 3 . 4 4 5 3 8 9 2 1 3 8 . 0 0 it it it it it it it it * * it it it it k  k k k 2 1 3
6 . 0 0 2 2 5 . 5 7 1 3 . 7 8 3 5 0 5 7 4 3 0 . 0 0 it it it it it it it it it it it it it it k  k k k 1 1 3
N o t e  * *  i n d i c a t e s  a c c u r a c y  i s  w i t h i n  + / -  1%























0 . 5 0
R o u t i n g  P e r i o d s  ( m i n s )
1 . 0 0  5 . 0 0  1 0 . 0 0 1 5 . 0 0
C a t c h m e n t R e t u r n S t o r m P e r c e n t a g e A c c u r a c y o f : -
X I P QP X I P QPA r e a P e r i o d D u r a t i o n X I P QP S X I P QP s X I P QP s s s
( km* *  2) ( Y e a r s ) ( H o u r s ) ( c u m e c s ) (cumecs) ( m * * 3 )
O u t l e t P i p e  D i a m e t e r *  2 1 0 0 .  (mm)
2 1 10 . 2 1. 0 . 5 0 0 2 . 4 1 2 2 . 1 3 6 3 1 . 8 2 * * * * * * ★  * * * * * 4 2 A
1 . 0 0 1 . 8 9 0 1 . 8 5 5 8 2 8 . 8 4 * * * * * * * * *  * ♦ * *  * * * 4 3 4
0 . 2 1 0 0 . 0 . 5 0 0 6 . 7 4 9 5 . 8 3 2 3 0 1 7 . 0 9 * * * * i t * * * *  * * * 2 * * * * 4 2 2
1 . 0 0 5 . 7 0 0 5 . 5 7 3 2 8 6 6 . 3 5 ♦ ★ * * it it * * * * * * *  * * * 4 3 3
2 . 5 1. 0 . 5 0 0 1 2 . 6 3 7 1 1 . 8 2 2 6 8 0 1 . 4 5 * * i t * it it * * 1 2 1 * * 1 11
1 3
1 . 0 0 1 5 . 2 4 3 1 3 . 5 4 3 1 2 4 . 5 3 * * *★ it it *  * * * * * * * * * *  * *  * *  *
2 . 5 1 0 0 . 0 . 5 0 0 3 5 . 3 5 2 2 3 . 5 9 1 4 6 4 5 4 . 7 8 * * * * it it * * * * * * 1 * * * * 1 * * 1
1 . 0 0 4 5 . 9 6 9 2 8 . 4 0 9 7 7 8 9 0 . 9 6 *  ★ * * it it * * * * ★  * *  * * * 1 *  * 1
2 5 . 0 1. 0 . 5 0 0 4 5 . 3 1 0 3 3 . 7 9 7 1 2 6 2 4 6 . 3 0 * * * * it it * * * * * * * * *  * * *
* * * *
1 . 0 0 5 9 . 9 3 3 4 0 . 6 7 8 2 1 1 3 7 0 . 7 0 *★ i t * * * * * ★  ★ *  * * * * * *  * *  *
2 5 . 0 1 0 0 . 0 . 5 0 0 1 2 6 . 7 4 8 6 2 . 7 9 3 7 0 7 0 0 0 . 1 3 * * * * * * *  * * * ★  * *  * *  * *  * * *
*  *
1 . 0 0 1 8 0 . 7 4 9 7 5 . 8 9 8 1 1 9 7 6 7 9 . 0 0 * * *  it * * * * * * *  * *  * *  * * * *  * *  *
O u t l e t P i p e  D i a m e t e r *  3 0 0 .  (mm)
0 . 2 1. 0 . 5 0 0 2 . 4 1 2 0 . 3 0 0 4 1 5 6 . 4 8 * * * * * * ★  ★ * * * * 2 *  * 1 4 1 3
1 . 0 0 1 . 8 9 0 0 . 3 3 1 5 4 6 5 . 8 3 *★ ★  * * * * * *  * *  * *  * *  * 1 4 1 2
0 . 2 1 0 0 . 0 . 5 0 0 6 . 7 4 9 0 . 4 4 7 1 2 7 2 3 . 2 3 * * * * * * * * *  * 2 * * 1 4 1 2
1 . 0 0 5 . 7 0 0 0 . 5 0 9 1 8 3 4 7 . 3 7 ★  * ir it *  * *★ * * * * ★  ★ *  * ★  * 4 ★  * 1
2 . 5 1. 0 . 5 0 0 1 2 . 6 3 7 0 . 7 6 1 5 6 5 3 0 . 0 1 * * it it * * * * * * * * 1 * * *  * 1
*  *
1 . 0 0 1 5 . 2 4 3 0 . 8 4 9 7 6 8 0 7 . 9 6 * * it it * * * * *  * * * *  * *  * *  * 1 * * *  *
2 . 5 1 0 0 . 0 . 5 0 0 3 5 . 3 5 2 1 . 1 1 9 1 6 6 7 2 2 . 2 0 *★ it * * * * * * * 1 * * * * 1
♦ * *  *
1 . 0 0 4 5 . 9 6 9 1 . 2 8 1 2 4 3 5 6 0 . 7 0 *  * it it * * * * *  * *  * *  * * * *  * 1 *  * *  *
2 5 . 0 1. 0 . 5 0 0 4 5 . 3 1 0 1 . 7 5 5 5 8 7 4 9 1 . 8 1 * * * * * * *  * *  * * * * * *  * *  * ★  * * *
*  *
1 . 0 0 5 9 . 9 3 3 1 . 9 5 7 7 9 7 3 9 7 . 8 1 ★  ★ it ir *  * * * * ★ *  * *  * *  * * * *  * *  *
2 5 . 0 1 0 0 . 0 . 5 0 0 1 2 6 . 7 4 8 2 . 5 6 6 1 7 0 4 2 6 2 . 0 0 ★ * i t * * * * * *  * * * ★ * *  * *  * *  *
*  * *  *
1 . 0 0 1 8 0 . 7 4 9 2 . 9 3 6 2 4 8 5 3 7 9 . 0 0 *  ★ it it *  * *«r *  * *  * ★ * *  * *  * *  * *  * *  *
N ot e * *  i n d i c a t e s  a c c u r a c y  i s  w i t h i n  + / -  1%
























5 . 0 0
R o u t i n g  P e r i o d s  ( m i n s )
1 0 . 0 0  1 5 . 0 0  2 0 . 0 0
Ca t c h me n t R e t u r n S t o rm P e r c e n t a g e A c c u r a c y o f  1-
A r e a P e r i o d D u r a t i o n X I P QP S X I P QP s X I P QP S X I P QP
( k m * * 2 ) ( Y e a r s ) ( H o u r s ) ( c u m e c s ) ( c u m e cs ) ( m * * 3 )
O u t l e t P i p e  D i a m e t e r »  2 1 0 0. , (mm} o
0 . 2 1. 1 2 . 0 0 0 0 . 2 8 5 0 . 2 8 5 1 0 0 . 1 6 * * k it * * 3 2 2 6 o
2 4 . 0 0 0 . 1 5 3 0 . 1 5 3 4 9 . 5 9 it it * k 3 2 2 5 8
0 . 2 1 0 0 . 1 2 . 0 0 0 1 . 2 4 0 1 . 2 4 0 5 2 6 . 2 9 * * itit kk 3 1 1 6 7
2 4 . 0 0 0 . 8 7 0 0 . 8 7 0 3 5 2 . 8 7 * * kk ★  * 3 1 1 6 7
2 . 5 1. 1 2 . 0 0 0 3 . 5 6 2 3 . 5 6 2 1 7 2 9 . 9 1 * * kit kk * * * * * * k k k k
2 4 . 0 0 1 . 9 1 0 1 . 9 1 0 8 5 6 . 3 9 * * kk kk * * * * * * kk kk
2 . 5 1 0 0 . 1 2 . 0 0 0 1 5 . 5 0 3 1 5 . 5 0 3 1 4 4 5 4 . 3 2  * *  * *  * * ** ★ * ** ★ * ★ ★
2 4 . 0 0 1 0 . 8 7 7 1 0 . 8 7 7 6 0 9 4 . 3 2  ** ** ** ** *★  ** kk k k
2 5 . 0 1 .  1 2 . 0 0 0  3 5 . 5 8 7
2 4 . 0 0  1 9 . 0 9 7
3 4 . 6 5 9
1 9 . 0 9 7
1 3 5 4 0 8 . 3 0
2 5 8 1 0 . 3 8
** ** ** 
** *★
** ** 
* * ★ ★ ★ * * ★ ★ ★
2 5 . 0 1 0 0 . 1 2 . 0 0 0 1 5 4 . 8 9 8 1 0 0 . 8 9 7 2 6 4 3 6 8 9 . 0 0  * *  * *  * * kk kk k k *  ★  *  ★
2 4 . 0 0 1 0 8 . 7 7 1 9 5 . 4 3 0 2 2 6 4 2 4 7 . 0 0  * *  * *  * * kk kk k k k k
O u t l e t P i p e  D i a m e t e r »  3 0 0 .  (mm) k k
0 . 2 1. 1 2 . 0 0 0 0 . 2 8 5 0 . 2 6 0 2 8 0 4 . 4 9 kk ★ * 3 k k k k 6
2 4 . 0 0 0 . 1 5 3 0 . 1 5 3 6 2 7 . 9 5 ** ★ k 3 k k kk 5 k k
0 . 2 1 0 0 . 1 2 . 0 0 0 1 . 2 4 0 0 . 6 2 4 3 2 4 6 1 . 8 1 kk ★ * kk 3 kk kk 6 k k
2 4 . 0 0 0 . 8 7 0 0 . 6 2 3 3 2 3 2 2 . 3 7 * * *  ★ kk 3 kk * * 6 k k
2 . 5 1. 1 2 . 0 0 0 3 . 5 6 2 0 . 9 9 0 1 1 8 1 0 3 . 8 0 ** ** k k ** k k ★ * * ★ k k
2 4 . 0 0 1 . 9 1 0 0 . 9 3 5 1 0 0 8 1 9 . 2 0 k k kk kk ** kk kk ★ ★ k k
2 . 5 1 0 0 . 1 2 . 0 0 0 1 5 . 5 0 3 1 . 7 7 2 6 0 3 5 8 0 . 0 0 kk kk k k k k k k k k k k
k k
2 4 . 0 0 1 0 . 8 7 7 1 . 9 6 3 8 0 4 7 9 6 . 5 0 kk kk kk kk kk k k k k
2 5 . 0 1. 1 2 . 0 0 0 3 5 . 5 8 7 2 . 4 0 2 1 4 1 7 0 6 1 . 0 0 k k k k ★ k kk k k k k k k k k
2 4 . 0 0 1 9 . 0 9 7 2 . 4 2 7 1 4 5 7 8 0 1 . 0 0 kk kk kk k k k k k k k k k k
2 5 . 0 1 0 0 . 1 2 . 0 0 0 1 5 4 . 8 9 8 4 . 1 3 1 6 4 7 0 4 3 1 . 0 0 k k * * k k kk k k kk k k
k k
2 4 . 0 0 1 0 8 . 7 7 1 4 . 6 4 8 9 0 0 6 5 9 7 . 0 0 k k * ★ kk * * k k k k k k k k
N o te  * *  i n d i c a t e s  a c c u r a c y  i s  w i t h i n  + / -
TABLE A4.4:- Effect of Routing Period Upon Peak Parameters. For Storm Durations of 12.00
3 0 . 0 0
s X I P QP S
9 22 11 13
10 22 12 14
7 22 9 10
8 22 9 10
* * k k * * * *
* * kk * * * *
k k kk ★ k k k
kk kk kk kk
k k k k k k k k
k k k k k k k k
k k k k k k k k
k k k k k k k k
kk 22 ★  * ★  *
k k 22 k k ★  ★
kk 22 k k k k
kk 22 kk k k
k k k k kk k k
k k k k k k k k
k k k k kk k k
k k k k kk k k
k k k k k k k k
k k k k k k k k
k k k k k k k k
k k k k k k k k
1%
























TABULATION OF CRITICAL DESIGN CRITERION A4-5
A4.2NN FACTOR ANALYSIS
The NN Factor was analysed for the Nash Model as discussed in Section 2.3 The 
results of this analysis are presented in the following Tables. In each of the 
following Tables:
(a) The Routing Period used for the Storm Durations of
0.083, 0.25, 0.50, 1.00, 3.0, 6.0, 12.0, 24.0 hours 
were 0.25, 0.25, 0.50, 0.50, 5.0, 5.0, 5.0, 5.0 minutes.
(b) The NN Factor is the number of time periods considered in the 
flood routing analysis in terms of the storm duration being 
considered.
(c) XIL is the flow rate when the inflow reaches a value of ±1% of the 
peak outflow. At this point the analysis was terminated.
TABULATION OF CRITICAL DESIGN CRITERION A4-6
Outlet Pipe Diameter = 300 mm ARI = 1 year
atchment Storm Peak Peak Actual Time (hours) at Required NN
Area Duration Inflow Outflow Factor fo r
## XIP QP XIP QP XIL QP XIL
(km2) (hrs) (cumec) (cumec)
0.20 0 .083 1 .233 0 .204 0 .73 0 .28 1 .42 9 18
0 .250 2 .172 0 .264 0 .89 0 .38 1 .57 4 7
0 .500 2 .412 0 .300 1 .08 0 .57 1 .77 3 4
1 .000 1 .890 0 .331 1 .51 1 .01 2 .22 2 3
3 .000 0 .887 0 .350 3 .33 1 .92 4 .08 2 2
6.000 0 .520 0 .331 6.25 1 .83 7,.08 2 2
12 .000 0 .285 0 .260 12 .08 1 .75 13..00 2 2
24 .000 0 .153 0 .153 23 .67 1 .92 25..00 1 2
1.00 0 .083 2 .966 0 .370 1 .58 0 .52 3..00 20 37
0 .250 5 .568 0 .478 1 .80 0 .62 3.,21 8 13
0 .500 7 .342 0 .544 2 .02 0 .77 3.,42 5 7
1 .000 7 .912 0 .606 2 .41 1 .14 3. 82 3 4
3 .000 4 .433 0 . 674 4 .17 3 .00 5..58 2 2
6.000 2 .599 0 .691 6 .92 4 .42 8.,42 2 2
12 .000 1 .425 0 .664 12 .67 4 .25 14. 25 2 2
24 .000 0 .764 0 .575 24 .42 4 .08 26..17 2 2
2.50 0 .083 4 .871 0 .519 2 .45 0 .77 4. 62 30 56
0 .250 9 .249 0 .668 2 .75 0 .86 4..88 12 20
0 .500 12 .637 0 .761 2 .98 1 .01 5..12 7 11
1 .000 15 .243 0 .849 3 .39 1 .34 5..52 4 6
3 .000 10 .957 0 .953 5 .00 3 .00 7 ..17 2 3
6.000 6.497 0 .994 7 .75 6.00 9..92 2 2
12 .000 3 .562 0 .990 13 .33 6.58 15..67 2 2
24 .000 1 .910 0 .935 25 .00 6.33 27..42 2 2
5.00 0 .083 7 .086 0 .669 3 .45 1 .05 6..41 42 78
0 .250 13 .509 0 .861 3 .81 1 .14 6..74 16 28
0.500 18 .705 0 .979 4 .10 1 .27 7..00 9 15
1 .000 23 .658 1 .093 4 .52 1 .59 7 .41 5 8
3 .000 20 .955 1 .231 6 .08 3 .17 9..00 3 3
6.000 12 .987 1 .293 8 .67 6.00 11..67 2 2
12 .000 7 .124 1 .307 14 .25 9.50 17..33 2 2
24 .000 3 .819 1 .277 25 .75 8 .92 28..92 2 2
25.00 0 .083 16 .906 1 .206 7 .59 2 .15 13 .75 92 166
0 .250 32 .345 1 .544 8 .25 2 .24 14 .33 34 58
0 .500 45 .310 1 .755 8 .68 2 .37 14 .73 18 30
1 .000 59 .933 1 .957 9 .22 2 .65 15 .23 10 16
3 .000 73 .044 2 .212 10 .75 3 .92 16 .75 4 6
6 .000 60 .685 2 .339 13 .08 6.33 19 .17 3 4
12 .000 35 .587 2 .402 18 .17 12 .00 24 .42 2 3
24 .000 19 .097 2 .427 29 .25 19 .83 35 .58 2 2
TABLE A4.5: Analysis of the NN factor for the detention basin analysis.
CASE 300-01
TABULATION OF CRITICAL DESIGN CRITERION A4-7
















XIP QP XIL QP XIL
0.20 0.083 3.001 0.291 0.82 0.28 1.49 11 19
0.250 5.707 0.385 0.98 0.38 1.65 5 7
0.500 6.749 0.447 1.19 0.57 1.87 3 4
1.000 5.700 0.509 1.62 1.01 2.31 2 3
3.000 2.977 0.582 3.50 2.08 4.17 2 2
6.000 1.932 0.615 6.42 2.00 7.17 2 2
12.000 1.240 0.624 12.33 2.08 13.08 2 2
24.000 0.870 0.623 24.25 1.92 25.00 2 2
1.00 0.083 7.218 0.525 1.75 0.52 3.16 22 39
0.250 14.629 0.692 1.99 0.62 3.38 9 14
0.500 20.537 0.804 2.22 0.77 3.60 5 8
1.000 23.862 0.920 2.63 1.14 4.02 3 5
3.000 14.879 1.072 4.42 3.00 5.83 2 2
6.000 9.660 1.164 7.17 4.75 8.67 2 2
12.000 6.201 1.244 13.00 4.50 14.50 2 2
24.000 4.351 1.355 24.83 4.42 26.42 2 2
2.500 0.083 11.856 0.733 2.74 0.77 4.86 34 59
0.250 24.300 0.964 3.04 0.86 5.14 13 21
0.500 35.352 1.119 3.30 1.01 5.39 7 11
1.000 45.969 1.281 3.72 1.34 5.81 4 6
3.000 36.778 1.500 5.42 3.00 7.50 2 3
6.000 24.150 1.639 8.17 6.00 10.33 2 2
12.000 15.503 1.772 13.83 7.25 16.08 2 2
24.000 10.877 1.963 25.58 7.00 27.92 2 2
5.00 0.083 17.247 0.943 3.83 1.05 6.74 48 82
0.250 35.491 1.238 4.22 1.14 7.09 18 29
0.500 52.324 1.437 4.51 1.27 7.38 10 15
1.000 71.348 1.646 4.97 1.59 7.82 6 8
3.000 70.337 1.929 6.58 3.17 9.50 3 4
6.000 48.275 2.113 9.25 6.00 12.17 2 3
12.000 31.007 2.295 14.92 9.75 17.83 2 2
24.000 21.754 2.562 26.50 10.00 29.58 2 2
25.00 0.083 41.150 1.690 8.40 2.15 14.43 104 176
0.250 84.979 2.213 9.09 2.24 15.08 38 61
0.500 126.748 2.566 9.63 2.37 15.52 20 32
1.000 180.749 2.936 10.18 2.65 16.08 11 17
3.000 245.178 3.445 11.75 3.92 17.75 4 6
6.000 225.571 3.783 14.17 6.33 20.17 3 4
12.000 154.898 4.131 19.50 12.00 25.50 2 3
24.000 108.771 4.648 30.83 20.17 36.92 2 2
TABLE A4.6: Analysis of the NN factor for the detention basin analysis.
CASE 300-100
TABULATION OF CRITICAL DESIGN CRITERION A4-8
Outlet Pipe Diameter = 2100 mm ARI = 1 year
atchment Storm Peak Peak Actual Time (hours) at Required NN
Area Duration Inflow Outflow Factor for
## XIP QP XIP QP XIL QP XIL(km2) (hrs) (cumec) (cumec)
0.20 0 .083 1. 233 1..009 0 .40 0 .28 1..20 5 15
0 .250 2. 172 1..794 0 .50 0 .38 1..30 2 6
0 .500 2..412 2..136 0 .67 0 .57 1..50 2 3
1 .000 1..890 1..855 1 .08 1 .01 1..97 2 2
3 .000 0..887 0..887 2 .33 1 .92 4..00 2 2
6.000 0.,520 0..520 2 .08 1 .83 7 .00 2 2
12 .000 0..285 0..285 2 .00 1 .75 13..00 1 2
24 .000 0..153 0..153 2 .00 1 .92 25..00 1 2
1.00 0 .083 2..966 2 .734 0 .69 0 .52 2..42 9 29
0 .250 5..568 5..088 0 .75 0 .62 2.,52 4 11
0 .500 7 .342 6..745 0 .95 0 .77 2..68 2 6
1 .000 7..912 7..526 1 .29 1 .14 3..08 2 4
3 .000 4..433 4..431 3 .00 3 .00 5..08 2 2
6 .000 2 .599 2 .599 4 .50 4 .42 8..08 2 2
12 .000 1..425 1..425 4 .33 4 .25 14..08 1 2
24 .000 0..764 0..764 4 .25 4 .08 26..08 1 2
2.50 0 .083 4..871 4..668 0 .89 0 .77 3..64 12 44
0 .250 9 .249 8 .811 1 .00 0 .86 3..74 5 15
0 .500 12 .637 11..822 1 .22 1 .01 3..90 3 8
1 .000 15 .243 13 .543 1 .64 1 .34 4..28 2 5
3 .000 10 .957 10 .910 3 .17 3 .00 6..08 2 3
6 .000 6 .497 6 .497 6.00 6 .00 9..08 2 2
12 .000 3 .562 3 .562 6.67 6 .58 15..08 1 2
24 .000 1 .910 1 .910 6 .50 6.33 27..08 1 2
5.00 0 .083 7 .086 6 .908 1 .14 1 .05 4..98 15 60
0 .250 13 .509 12 .575 1 .43 1 .14 5..10 6 21
0 .500 18 .705 16 .077 1 .73 1 .27 5..30 4 11
1 .000 23 .658 19 .234 2 .13 1 .59 5..67 3 6
3 .000 20 .955 19 .048 3 .58 3 .17 7 .33 2 3
6 .000 12 .987 12 .954 6.17 6.00 10,.25 2 2
12 .000 7 .124 7 .124 10 .42 9.50 16 .25 1 2
24 .000 3 .819 3 .819 9.75 8 .92 28 .25 1 2
25.00 0 .083 16 .906 15 .864 2 .73 2 .15 10 .45 33 126
0 .250 32 .345 26 .628 3 .31 2 .24 10 .70 14 45
0 .500 45 .310 33 .797 3 .73 2 .37 10 .98 8 22
1 .000 59 .933 40 .678 4 .26 2 .65 11 .38 5 12
3 .000 73 .044 47 .598 5 .75 3 .92 12 .92 2 5
6.000 60 .685 46 .500 7 .92 6.33 15 .33 2 3
12 .000 35 .587 34 .659 12 .67 12 .00 20 .92 2 2
24 .000 19 .097 19 .097 23 .67 19 .83 32 .92 1 2
TABLE A4.7: Analysis of the NN factor for the detention basin analysis.
CASE 2100-01
TABULATION OF CRITICAL DESIGN CRITERION A4-9
Outlet Pipe Diameter = 2100 mm ARI = 100 year
Catchment Storm Peak Peak Actual Time (hours) at Required NN
Area Duration Inflow Outflow Factor fo r
A ## XIP QP XIP QP XIL QP XIL
(km2) (hrs) (cumec) (cumec)
0.20 0 .083 3 .001 2 .384 0 .40 0 .28 1 .20 5 15
0 .250 5 .707 4 .562 0 .51 0 .38 1 .31 3 6
0 .500 6 .749 5 .832 0 .68 0 .57 1 .51 2 4
1 .000 5 .700 5 .573 1 .08 1 .01 1 .97 2 2
3 .000 2 .977 2 .977 2 .67 2 .08 4 .00 2 2
6 .000 1 .932 1 .932 2 .42 2 .00 7 .00 2 2
24 .000 0 .870 0 .870 2 .33 1 .92 25..00 1 2
12 .000 1 .240 1 .240 2 .42 2 .08 13..00 1 2
1.00 0 .083 7 .218 6 .546 0 .70 0 .52 2 .42 9 30
0 .250 14 .629 12 .440 0 .84 0 .62 2 .54 4 11
0 .500 20 .537 15 .602 1 .08 0 .77 2..74 3 6
1 .000 23 .862 18 .054 1 .48 1 .14 3..15 2 4
3 .000 14 .879 14 . 647 3 .17 3 .00 5..08 2 2
6 .000 9.660 9 .660 4 .92 4 .75 8..08 2 2
12 .000 6.201 6 .201 5 .25 4 .50 14..08 1 2
24 .000 4 .351 4 .351 4 .67 4 .42 26..08 1 2
2.50 0 .083 11 .856 11 .255 0 .92 0 .77 3..65 13 45
0 .250 24 .300 18 .435 1 .32 0 .86 3..84 6 16
0 .500 35 .352 23 .591 1 .58 1 .01 4..06 4 9
1 .000 45 .969 28 .409 2 .00 1 .34 4..45 3 5
3 .000 36 .778 29 .839 3 .58 3 .00 6..25 2 3
6.000 24 .150 23 .758 6.17 6.00 9..08 2 2
12 .000 15 .503 15 .503 11 .83 7 .25 15..08 1 2
24 .000 10 .877 10 .877 7 .17 7 .00 27..08 1 2
5.00 0 .083 17 .247 15 .099 1 .46 1 .05 5..05 19 62
0 .250 35 .491 25 .041 1 .85 1 .14 5..28 8 22
0 .500 52 .324 31 .929 2 .17 1 .27 5..52 5 12
1 .000 71 .348 38 .752 2 .61 1 .59 5..92 3 7
3 .000 70 .337 44 .391 4 .17 3 .17 7..58 2 3
6.000 48 .275 41 .611 6.67 6.00 10,.33 2 2
12 .000 31 .007 30 .803 12 .17 9.75 16..25 2 2
24 .000 21 .754 21 .754 22 .75 10 .00 28..25 1 2
25.00 0 .083 41 .150 31 .619 3 .43 2 .15 10,.71 44 130
0 .250 84 .979 50 .129 4 .16 2 .24 11,.14 18 45
0 .500 126 .748 62 .793 4 .67 2 .37 11 .51 10 24
1 .000 180 .749 75 .898 5 .28 2 .65 12 .02 6 13
3 .000 245 .178 92 .377 6.83 3 .92 13 .58 3 5
6.000 225 .571 100 .018 9 .17 6 .33 16,.08 2 3
12 .000 154 .898 100 .897 14 .25 12 .00 21 .50 2 2
24 .000 108 .771 95 .430 25 .25 20 .17 33 .08 2 2
TABLE A4.8: Analysis of the NN factor for the detention basin analysis.
CASE 2100-100
APPENDIX 5 
SOURCE CODE OF 
COMPUTER PROGRAMS DEVELOPED
SOURCE CODE OF COMPUTER PROGRAMS DEVELOPED A5-1
A l.  SUMMARY OF SOURCE CODES
The computer program source code developed by the author Is provided below. 
A  diskette is also supplied.
Summary of programs supplied:
BASIN - detention basin design program using the Nash 
Model;
SORT - detention basin critical design values analysis;
CUD - d e ten tion  bas in  d es ign  p rogram  u sin g  the 
Controlled Urban Drainage Procedure;
BASIN TEST - deten tion  basin  design param eter evaluation
program;
DB PULS - detention basin design using Puls method;
DB DT - analyses the output from BASIN_TEST for evalution 
routing period and NN factors to be used in this 
study.
DB WRITE DT - tabulates output from DB_DT into the form o f 







This detention basin program considers a linear storage 
catchment based on the NASH MODEL (1960). It uses rainfall intensity 
data determined according to A.R.R. and from this data calutlates 
inflow hydrograph which it in turn routes thruogh three linear storag 
elements & then routes the resulting hydrograph through pipe outlets of the retarding basin to give the:-
1) Volume of inflow (VI)
2) Peak inflow (XIP)
3) Peak Through (QP)
4) Required Storage (S)
5) Required Head (Y)
PARAMETER (MAXPTS-25000)
DIMENSION A(24), RPER(20), RP(20), DUR(20), P(20,20), Xl(MAXPTS), 
4 X2(MAXPTS),X3(MAXPTS),XQ(MAXPTS) , SINCR(MAXPTS),
4 DIA(20), MMA(11,15),FFMA(15)





4 2513.,0.206,.0873,121570.,1.802, 1 Pipe Diameter: 300/ 1159.,0.181,0.532, 3743.,1.994, 1 600
4 843.9,0.183, 1.45, 448.9,1.791, I 900
4 638. ,.148 , 2.87, 101.0,1.855, 1 1200
4 536.6,0.124, 4.81, 47.53,1.668, t 1500
4 467.1,0.128, 8.0, 16.63,1.731, ! 1800
4 412.8,0.128,11.48, 7.07,1.781/ 1 2100 (mm)
-----  SUB, READS & PRINTS THE INPUT DATA & RAINFALL EXCESS INTENSITY
WRITE (* ,06 ) 91.101 
06 FORMAT (* Version: *,F8.3)
MMTEST« 0
OPEN (UNIT-5,FILE-'BASINPUT:’ .STATUS-’OLD’ )
10 CALL RDATA (A,RPER,RP,DUR,P,II,JJ,KK,DIA,FACMM,NDI,







OPEN (UNIT-15,FILE«*BASINOUT:* ,STATUS-’NEW’ )
WRITE (6,300)
READ (5,02) ANSAV 
02 FORMAT (A)
IF (ANSAV.EQ.*Y’ ) THEN 
WRITE (6,330)
READ (5 , * )  ISELCT 
ENDIF 














































IF (ANSAV.EQ.*Y’ ) CALL SAV (II,JJ.KK.IDIA,SEL,ISELCT)IC15- DIA(ND)/300
WRITE (6,61)DIA(ND),Cl(ICI5),C2(IC15),C3(IC15),C4(IC15)fC5(IC15) write (*,*) ’ ND, IC15: \ ND, IC15
DO 250 1-1,11 
11-0
FORMAT ()
SUB. CALLS FOR A NEW PAGE WHERE PAGE SETTING DEPENDS ON A CHANGE IN RETURN PERIOD
CALL WPHDG1 (I,JPK,JK,IS,IC,NSKI,NSKIP,DIA(ND),A)JS-0
DO 240 J-1,JJ






IF (MM.GT.MAXPTS) THEN 
WRITE (6,480) MM 
STOP 
ENDIF
Subr. to calc the retarding basin inflow hydrograph 
using linear storage routing elements (i.e. NASH MODEL).
CALL LINROU (NN,MM,XI,X2,X3,XK,P,A,RPER,I,J,K,NTR)
STORE THE PEAK inflow RATE (XIP)
XIP-0
DO 160 M-l.MM






CALC THE VOLUME OF inflow 
VI-DUR(K)*P(J,K)*A(I)*1000 
QP-0
CALC THROUGH hydrograph FOR THE BASIN, CONSIDERING THE STAGE 
THROUGH FOR THE PIPE OUTLET, USING ITERATION PROCEDURE.
CALL IT (NTR,C1(IC15),C2(IC15),C3(IC15),C4(IC15),
C5(IC15),RPER(K),MM,X3,XQ,QP,MMAX,MXQ,XIQP)
































FORMAT (//2X,21HPipe Diameter (mm)- F8.2/2X,55HDischarge Coeffici #ents used for the above Pipe Diameter 
*/8X,2HC1,9X,2HC2,9X,2HC3,9X,2HC4,9X,2HC5,
#/2X,9(F10.3,lX))
FORMAT (* Do you want to save this info? (YES/NO)’)
FORMAT ( Enter ISELECT:— -1 (for duration being major variable)’
*2 (for areas being the major variable)’) FORMAT (* ***** ERROR ***** Storage Quota Exceeded MM= ’, 
i 15,* increase routing period’)FORMAT (* @FREE \I3,*.*)
WRITE (6,999)
FORMAT (*1 FINISHED*)









C --DUAO : [ MPH. BDSBAS ] DB_RDATA_TES T_2 0. MPH ; 1
C
C.... Sub. reads & prints the input data & rainfall excess intensity 
C






READ (5.*) NTR 
WRITE (6,500)












C READ (5,*) ((MMA(JX1,JX2),JX2-1,KK),JX1-1,II)
WRITE (6,560)






WRITE (6,35) ( RP(J),J«1,JJ)
WRITE (6,30)
C




DO 70 K- 1,KK 
DO 80 J- 1,JJ













































FORMAT (*1*,25H Detention Basin Analysis,/2x,24(lh*)/2x,16(lh*) 
#/2x,lh*,14x,lh*/* * Input Data ,/2x,lh*,14x,lh*/2x,16(lh*)//
#5x,55hln this analysis a number of variables are considered:- 
#/7X,28hNo. of catchment Areas (A) -,I4/7X,28hNo. of return periods
# (T) - ,i4,/7x,28hNo. of storm durations (TT)=,i4,/7x,41hSize of
# catchments considered (km**2) : ,f7.2,lx,8(lx,f7.2))
FORMAT (7x,*Size of storm durations considered (hrs):’,f8.3,7f9.2) 
FORMAT(7x,41hRespective Routing Period(s) (Minutes) : ,f7.2,lx, #8(1X,F8.2))
FORMAT (//2X,30HRainfall Intensity Tabulation /2X,29(lh-))
FORMAT (2X,8(lh.),* : *,63(lh.)/10x,* :’)
FORMAT (2X,f7.3,4h : ,8(f6.1,3x))
FORMAT (* storm :’/* duration : return period(s) in Years’
il* (hours) : *,2x,8(f5.0,4x))
FORMAT (*)
FORMAT (//2X,21hPipe Diameter (mm) = f8.2,/2x,55hDischarge Coeffic 
iients used for the above Pipe Diameter
#/6x,2HC1,7X,2HC2,7X,2HC3,7X.2HC4,7X,2HC5,7X,2HC6,7X,2HC7,7X,2HC8,7 
#X,2HC9/2X,9(F8.3,1X))
FORMAT (//2X,36HRainfall Excess Intensity Tabulation /2x,36(lh-)) 
FORMAT (2X,8(i6 ,3x))
FORMAT Cl*,













Enter NTR (-type of output required):- -1 test run’/
-2 selected test output -3 concise output’)
Enter the No. of 1) catachment areas, 2) return’ 
periods */19x,*& 3) storm durations, considered’)
Enter catchment Areas considered:- ’)
Enter Routing Period used for each duration:-’)
Enter return periods considered:- *)
Enter storm durations considered:- ’)
Enter Design storm Intensities used:- ’)
Enter MM Factor for each area & duration respecively:-’) 






SUBROUTINE IT (NTR,Cl,C2,C3,C4,C5,RPER,NX3,X3,QOUT,QP,MMAX,HQOUT 
* .XIQP)
C
C.... Program using iteration procedure to determine the 
C.... detention basin outflow hydrograph, & peak outflow.
DIMENSION QOUT(1), X3(l)
C
IF (NTR.LE.l) WRITE (6,190) Cl, C2, C3, C4, C5 
IF (NTR.LE.l) WRITE (6,*) Cl, C2, C3, C4, C5 
XK1SET- 0.000001
IF (NTR.LE.l) WRITE (6,210) RPER, XK1SET 
IF (NTR.LE.l) WRITE (6,220) NX3 
IF (NTR.LE.l) WRITE (6,10) (X3(JX),JX-1.NX3)C
C.... Set Max No. of iterations considered 








DO 100 M- 1,NX3 
C


















Q1I12 - (RPER*(XII +XI2)) + (Q1*(2*XK1-RPER))
QK1I12- (RPER*(XII +XI2)) + (Q1*(2*XK1-RPER))
C
IF (NTR.LE.l) WRITE (6,240) XK1, XK2, Q2, CONST, EXP 
C
C.... Begin iteration procedure 
A- 100000000
C
DO 80 IJ - 1,IJJJ 
MX - 0
CC.... IF Q2as8 is within 102 of Q2calc
C.... THEN 8tore Q2calc as the outflow hydrograph point 
C.... ELSE continue with iteration
C IF (A.GT.0.01*Q2) THEN 






C. . . 
C. . . 

















Q2 - ((Q1I12 -RPER*Q2)/(2.*CONST))**(1./(1+EXP)) 
IF (Q2.LT.0.0) THEN 
WRITE (6,120)




Try a new first approximation of Q2ass 




QK1I12 - (RPER*(XII +XI2)) + (Ql*(2*XK1-RPER))
MX - MX+1
IF (MX ,GT. 20) THEN
QPT0Q3 - (ABS(Q3/QP))*100.
If QP has been reached & previous Q2calc LE 20Z of QP
& current Q2calc LT 0.00
Then stop calculating hydrograph
ELSE write error message
IF (M.GT.MMAX.AND.QPT0Q3.LE.20.) THEN 















IF (NTR.LE.0) WRITE(6,*) Q2,CONST,EXP,XK2 
A -ABS(Q3-Q2)
IF (NTR.LE.1) WRITE(6,260) Q3,Q2,XK2,A 
ELSE
QOUT(M) - Q2 
XK1 - XK2 
Ql - Q2 GOTO 110 
ENDIF 
CONTINUE
IF (NTR.LE.1) WRITE (6,282) (IJ-1), XK2, QOUT(M), A,M
IF (A.GT.O.01*Q2.AND. (IJ-1) .EQ. IJJJ) THEN 
Q3T0Q2 - (ABS((Q3/Q2)—1.))*100.
If Q2ass is within 10Z of Q2calc
Then average the value & continue to the next time period 
ELSE write error message
IF (Q3T0Q2 .GT. 10) THEN
WRITE<6,120)






XK1 - XK2 
Q1 - Q2 
QOUT(M) - Q2 
ENDIF 
C
IF ((Q2-QP) .GT. 0.00001) THEN 
MMAX -M 
XIQP - X3(M)




MQOUT - NX3 
200 RETURN 
C
95 FORMAT (* Q2- *,E13.4,* has been set to 0.01, since this is ’
# ’at the tail of the hydrgraph *)
10 FORMAT (5E12.4)
120 FORMAT (* ***** CHECK Iteration Program:- Answer does NOT converge 
/ -Check Routing Period ****★’)
123 FORMAT <* MX- *,14/ Q2-’,E13.5,’ Ql- ’.E13.4/’ M- ’ ,
# 14,* QP- *,E13. 4, ' Q3- \E13.4)
124 FORMAT (’ MX- *,I4,' Q2- *,E13.5,’ Ql- ’.E13.4/’ M= ’
# 14/ QP- * ,E13.4, * Q3- * .E13.4 ,’diff btwn QP & Q2calc=\
# F6.2, * Z’,* MMAX- ’,15)
125 FORMAT (* Q2- ’.E13.5,’ (-Q1I12 -RPER*Q3)’,1H/,*(2*CONST)’/
# # Ql- *,E11.4,* II- *,E11.4,* 12- ’,Ell.4,’ RPER= ’.E11.4,
# I* Q3- *,E11.4,* CONST- *,£11.4/ Q1I12- *,E11.4)
127 FORMAT (* ***** CHECK Iteration Program:- Answer does NOT converge
# *****'/
# * Q2- \E11.4,* RPER- ’,E11.4,
# * XII- *,E11.4,* 12- *,Ell.4,/’ Ql- *,Ell.4,' XK1- \E11.4,
# * XK2- *,Ell.4,* QK1I12- ’.Ell.4)
190 FORMAT <* **** COEFFICIENTS **** ’/8E13.5)
210 FORMAT (* RPER- \E13.4,* XK1SET- *,F8.4)
220 FORMAT <* NO. OF inflowS-’,16,**** inflows ****’)
240 FORMAT (/' XK1- *,F13.6,’ XK2- ’.E13.6,’ Q2- \E13.6,
# * CONST- *,E13.4,’ EXP- \E13.4)
260 FORMAT (* Q3- \E13.6,* Q2- *,E13.6,’ XK2- ’.E13.6,’ A- ’.E13.6)
280 FORMAT <* IJ- ’,14.’ XK2- ’.E13.6,’ Q2- ’.E13.6,’ A- ’.E13.6 
#,* M- *,14,'diff in Q2 approxns -’,F6.2,’ Z*)


































SUBROUTINE LINROU (NN,MM,X1,X2,X3,XK,P,A,RPER,I,J,K,NTR)--DUAO: [ MPH. BDS BAS ] DB__LINROU_RBAS IN_4 . MPH; 1
PARAMETER (MAXPTS-25000)
DIMENSION A(24), RPER(20), DUR(20), P(20,20),X1(1),
# X2(1),X3(1),XQ(MAXPTS)
--- INITIALISE THE ARRAY VALUES OF XI, X2, X3, & X -WHERE XI & X2
.... ARE THE outflow hydrographS FOR THE 1ST & 2ND LINEAR ELEMENTS,
--- RESPECTIVELY, AND X3, & X2, ARE THE detention basin inflow &
.... outflow hydrographS, RESPECTIVELY.






--  SET XK- 2K
XK«0.48*A(I)**0.46
IF (NTR.LE.2) WRITE (6,13) XK,I,A(I),J,K,P(J,K),I,RPER(K)
--  CALC outflow HYD. FOR 1ST ELEMENT,I.E. inflow HYD. FOR 2ND ELEMENT
--  1)FOR THE PERIOD WHILE THE RAIN IS FALLING
DO 80 M-l.NN








__  2)FOR THE PERIOD IMMEDIATELY AFTER RAIN FINISHES










___CALC outflow HYD. FOR 2ND ELEMENT,I.E. inflow HYD. FOR 3RD ELEMENT
DO 120 M-l,MM 
IF (M.NE.l) THEN
X2(M)-X2(M-l)*(XK-RPER(K))






___ CALC outflow HYD. FOR THIRD ELEMENT, I.E. inflow HYD. FOR BASIN






















IF (NTR.LE.2) WRITE (19,01) MM
IF (NTR.LE.2) WRITE (19,54) (Xl(JX),X2(JX),X3(JX),JX-1,MM) 
FORMAT ()
FORMAT (’ XK- \E13.4,’ A(\I3/)« \E13.4.* P(\I3,\\I3, 




FORMAT (’ X l C  ,13,')-*
FORMAT (1X.3E13.5)
FORMAT <* X1(\I3,#)« ’.Eli.4 /  X2(\I3,’)« ’.E11.4,’ X3(\ 





C ---- DUAO ; [HPH. BDSBAS ] DB_RDATA__TEST_20 . MPH ; 1
C
C.... Sub. to save output info.
CHARACTER*A SEL(2)
C
IF (IDIA .GT.999) THEN
WRITE (15,310) SEL (ISELCT), IDIA 
ELSE
WRITE (15,340) SEL (ISELCT), IDIA 
ENDIF .
C








(6,320) SEL (ISELCT), IDIA
WRITE
ENDIF
(6,350) SEL (ISELCT), IDIA
5 FORMAT (IX,2(18,2X),17)
25 FORMAT (A)
320 FORMAT (* Info will be stored in BDSBAS.
350 FORMAT (* Info will be stored in BDSBAS.
310 FORMAT (’6ED.IQ BDSBAS.*,a4, \I4)
340 FORMAT (*€ED,IQ BDSBAS.’,a4, , 13 )
360 FORMAT (*€ADD 15.*)
RETURN
END
a 4 , ,14) 
a4, ,13)
CDECK TESTCSUBROUTINE TESTC (Q2,Cl,C2,C3,C4,C5,EXP,CONST)
c -- DUAO: (MPH.BDSBAS]DB__IT_RBASIN_4.MPH;1
C












SUBROUTINE WOUT (KK,I,J ,K ,IS ,NSKI.NSKIP,DIA,A,RP,DUR,V I ,XIP,QP, 
*  S .Y . I l )
CDECK WOUT
DIMENSION A(24), RP(20), DUR(20)
SUB. TO WRITE detention basin OUTPUT
IF (K.EQ.l) THEN 
IF (J.EQ.l) THEN
IF (IS.EQ.l) NSKIP - 1 
IF (NSKI.EQ.KK) NSKIP - 1 
ENDIF 
C





WRITE (6,221) RP(J),DUR(K),VI,XIP,QP,S,Y 
ELSE
WRITE (6,222) DUR(K),VI,XIP,QP,S,Y 
ENDIF 
C
IF (K.EQ.l) THEN 
IF (Il.NE.l) THEN
WRITE (15,55) DIA, A(I)
I I  -  1 
ENDIF
WRITE (15,321) RP(J),DUR(K),VI,XIP,QP, S , Y 
ELSE
WRITE (15,322) DUR(K),VI,XIP,QP,S,Y 
ENDIF 
C
220 FORMAT ( / )
221 FORMAT(/2X,F6.2,IX,F8.3,IX,F9.0,IX,F9.3,IX,F9.3,
#1X,F9.0,1X,F8.3)
222 FORMAT( 9X,F8.3, IX, F9.0, IX, F9.3, IX, F9.3, IX, F9.0, IX, F8.3)
321 FORMAT(2X,F6.2,1X,F8.3,1X,F10.1,1X,F10.4,1X,F10.4,
#2X,F10.1,IX,F10.4)




45 FORMAT(2X,24HPipe Diameter (mm) - ,F8.2,
# /2X,24HCatchment Area (km**2)« ,F8.2,
#//3X,12HReturn storm,5X,6Hinflow,3X,4HPeak
#6X,4HPeak,7X,7HStorage,3X,4hHead/3X,23Hperiod duration Volume,3X 
#6Hinflow, 4X,7Houtf low, 4X,8HRequired/5X, 1HT, 7X, 2HTT, 7X, 2HVI, 7X, 







C --DUAO: (MPH. BDSBAS ] DB_WPHDG__10.MPH; 1
C
C--- SUB. CALLS FOR A NEW PAGE WHERE PAGE SETTING DEPENDS ON A
C--- CHANGE IN RETURN PERIOD
C IMPLICIT DOUBLE PRECISION (A-I.O-Z)
DIMENSION A(24)
C



















30 FORMAT (/2X,26HPipe Diameter (mm) - ,F8.2,









C___ SUB. CALLS FOR A NEW PAGE WHERE PAGE SETTING DEPENDS ON A
C.... CHANGE IN catchment AREA 
C
C
IF (JK.GE.45) THEN 
JS-JS+1 
NSKI- JS*KK 
IF (NSKI.GE.45) THEN 
NSKIP- 1 












C.... Sorts through detention basin data generated by RT.BASIN & selects
C . ... the critical duration based on QPMAX & XIPMAX, & c a l c s  QR,  S R ,  T T R ,  R I ? ?
C
DIMENSION QPMAX(2,20), SMAX(2,20), TTMAX(2,20), AMAX(2,20)
CHARACTER*4 CRITE(2), SEL 
CHARACTER*1 ANSAV
C
DATA CRITE/’ Out’,’ In’/
C







DO 100 J1 - 1,2 
READ (15,25) SEL 
READ (15,25) SEL 
READ (15,5,END-120) II, JJ, KK 
M - 0
DO 70 IB - 1,11
READ (15,55) DIA, A 
IDIA - DIA
IF (Jl.EQ.l .AND. IB.EQ.l) THEN 
IF (ANSAV .EQ. ’Y’) THEN 
IF (IDIA .GT. 999) THEN 
WRITE (13,310) SEL, IDIA 
C WRITE (STR(l),310) SEL, IDIA
ELSE
WRITE (13,340) SEL, IDIA 
ENDIF 
ENDIF
WRITE (13,25) SEL 








XIPMAX - 0.0 
TOLD - 0.0 
M - M+l
C JNS - 1
DO 50 J - 1,JJ
QPMAX (J1,M) - 0.0 
NSKIP - (IB*(JNS+1))
C IF (NSKIP .GT. 45) THEN
CALL PHDG (Jl,DIA,CRITE(Jl),JJ)






































DO 30 I - 1,KK
CALL RDATA (I,T,TT,VI,XIP,QP,S,Y)
TOLD - T
IF (Jl.EQ. 1) GOTO 12 
IF (XIP .LE. XIPMAX) GOTO 20 
GOTO 15











QR - QPMAX(Jl.M)/XIPMAX 
SR - SMAX (J1,M)/VIMAX 
AR - 0.72* (AMAX(1,M)**0.46)
RK - AR /(AR+ (SMAX(1,M)/(QPMAX(1,M)*3600.)))




CALL WOUT (AMAX(Jl.M) , TMAX. TTMAX(Jl.M) .VIMAX,# XIPMAX,QPMAX(J1,M).SMAX(Jl.M),YMAX,QR,SR,TTR,RK,J1)
CONTINUE
CONTINUE


















FORMAT (* Saving the sorted info...’)
FORMAT ('SED.IQ DATARB.SORT/’,A4, , 1 4 )  #
FORMAT (* Info will be stored in DATARB.SORT/ ,A4, — ,14)  ̂ ^
FORMAT (* Enter ISELECT:- -1 (for duration being major variable)’ 
 ̂j * «2 (for areas being the major variable) )
FORMAT (*6ED,ID DATARB.SORT/*,A4,*-*,13)
FORMAT (* Info will be stored in DATARB.SORT/ ,A4, — ,13)
FORMAT ( ADD 15.*)
WRITE (6,999)
FORMAT (*1 Finished’)
IF (ANSAV.EQ.*Y*) THEN 
IF (IDIA.GT.999) THEN
WRITE (6,320) SEL, IDIA 
ELSE














$1 --  sorting routines ---
CDECK RDATA
SUBROUTINE RDATA (I,T,TT,VI,XIP,QP,S,Y)
-----DUAO : [HPH. BDS BAS ] DB_RDATA_SORT_5. MPH ; 1
IF ( I .E Q .l )  THEN
READ (15,321) T,TT,VI,XIP,QP,S,Y 
ELSE













C -----DUAO : [MPH. BDSBAS ]DB_WOUT__SORT_3 .MPH ; 1
C
IF (J l .E Q .l )  THEN
WRITE (13,150) AMAX,TMAX,TTMAX,VIMAX,










140 FORMAT (F6.1,2X,F5.1,F8.3,1X,F9.0,1X,F9.2,1X,F9.2, 
#1X,F9.0,1X,F9.3 ,4X,F5.2 ,4X.F5.2,4X,F7.3)








C -- DUAO x [MPH. BDSBAS ] DB_PHDG_SORT_4 6. MPH; 1
C






DATA (RAT(M),M~1,6) /’Critical Storm’, ’Duration Ratio’,
























45 FORMAT (6H Area,2x,13hReturn Storm,4x,6hInflow,4x,AhPeak,6x,
#4HPeak,5X,7HStorage,4X,4HHead,4X,9HDischarge,lx,7hStorage,2x,al4) 




75 FORMAT (8H (km**2),lx,5h(yrs),2x,5h(hrs),4x,6h(m**3)
#3x,8h(cumecs),2x,8h(cumecs),3x,6h(m**3),5x,3h(m)/)
165 FORMAT (*1',4x,’Detention Basin Critical Storm Duration Analysis 
#’/5x,48(lh*))
190 FORMAT (/5x,’Outlet Pipe Diameter Under Consideration* ’,F12.2 





$1 basin program design by CUD --
CDECK CUD
PROGRAM CUD
C... Programme to calculate Storage Volume required for Detention 
C... Basins in Urban Drainage (CUD) method:- 
C
DIMENSION A(24), DIA(24), RP(20),DUR(20), P(20,20), CONST(20),
# POWER(20)( HD(20), SHD(20), RUN0FF(27,28,20), HR(20),













WRITE (*,06) 91.101 
06 FORMAT (* Version: *,F8.3)
C
C... Arrays of CONST, & POWER, are set s.t. DIA - CONST *P0WER 
C
C... Subr. reads input data & prints data & rainfall excess intensity 
OPEN (UNIT-5,FILE-’CUDINPUT:’,STATUS-’OLD’)




C... Convert Area to hectares, & STorm Surations to hours 
DO 250 I - 1,11 
A(I) - A(I)*100.
200 FORMAT (* Outlet Pipe Diameter- *,F10.2,/33(1H-)/)
DO 240 J - 1, JJ
210 FORMAT (IX,*DUR(K)*,4X,*RUNOFF(J,K)’)
220 FORMAT (1X,F6.2,1X,10(F9.2,2X)/)
225 FORMAT ((’Area (ha)*,5X,10(F9.0,2X))/)
C « 0.9
C... Calc, the Cumulative Runoff Volume (m**3)
DO 230 K - 1 ,KK






C CALL RHDG (A,RUNOFF,II,JJ,KK,DUR,RP)
C DO 550 ND - 1,NDIA
C .C... Calc, the standard outflow rates for given H/d ratios.










#’Detention Basin Analysis Using the CUD Volumetric Method ’ 
#/2X,30(lH*),26(lH*)/2X,16(lH*),
#/2X,lH*,14X,lH*/* * Input Data *’,/2X,1H*,14X,1H*/2X,16(1H*)//
#5X,47HThi8 analysis considers a number of variables:- 
#/7X,28HNo. of Catchment Areas (A) «,14,
#/7X,28hNo. of Return Periods (T) «,14 
//7X,28hNo. of Storm Durations (TT)«,I4
#/7x,40HSize of Catchments considered (km**2): ,8(F8.2,1X))
C
15 FORMAT (7X,39HRespective Routing Period(s) (minutes): ,8(1X,F8.2)) 
20 FORMAT (//2X,30hRainfall Intensity Tabulation /2X,29(lh-))
25 FORMAT (A4)
30 FORMAT (2X,8(1H.), ' :\63(1H.)/10X, ’ : ’)
50 FORMAT (2X.F7.3.4H : ,8(F6.1,3X))
35 FORMAT (’ Storm ;*/* Duration: Return Period(s) in years’
#/’ (hours) :’,2X,8(F5.0,4X))
60 FORMAT (//2X,21HPipe Diameter (mm)» ,F8.2/2X,55hDischarge Coeffici 
#ents used for the Above Pipe Diameter 
#/6X,2HC1,7X.2HC2,7X,2HC3,7X,2HC4,7X,2HC5,7X,2HC6,7X 
#,2HC7,7X,2HC8,7X,2HC9/2X,9(F8.3,IX))






WRITE (6,140) AMAX, TMAX, TTMAX, VIMAX, QPMAX, SMAX, YMAX, QR 








DIMENSION A(24)»RUNOFF(27,28,20), DUR(20), RP(20)
C
DO 256 J - 1,JJ 
WRITE (6,90)
WRITE (6,35) RP(J), (A(JX),JX-1,II)
WRITE (6,30)
DO 254 K - 1,KK




30 FORMAT (2X,8(1H.),*:’,70(1H.)/ 1 0 X , )
50 FORMAT (2X,F7.3,4H : ,10(F7.0,2X))
35 FORMAT (* Storm : Return Period - \F6.0,’ (Years)’
# /’ Duration: Catchment Area(s) in heactares*
#/* (Hours) : *,1X,10(F7.0,2X))












... Reads and prints the input data and rainfall excess intensity





500 FORMAT (* Enter the No. of : 1) Catchment Areas 2) Return’




510 FORMAT (* Enter Catchment Areas considerd:-’)
READ (5,*) (A(I),1-1,11)
WRITE (6,530)
530 FORMAT (* Enter Return Periods considered:-*)
READ (5,*) (RP(J),J-l,JJ)
WRITE (6,540)
5A0 FORMAT (' Enter Storm Durations considered:- ’)
READ (5,*) (DUR(K),K«1,KK)
WRITE (6,550)
550 FORMAT (’Enter Design Storm Intensities Used:’)
READ (5,*) ((P(J,K),K-1,KK),J-l,JJ)
WRITE (6,02) * Enter Number of Outlet Pipe Diameters considered’ 
READ (5,*) NDIA 
WRITE (6,600)
600 FORMAT (* Enter Outlet Pipe Diameter(s) considered:-’)
READ (5,*,END-270,ERR-270) (DIA(JX),JX-l.NDIA)
C
WRITE (6,02) * Enter NTRACE:- 1 (All Output), «2 (Test Output)’,
# *, -3 (Concise Output)*
READ (5,*) NTR
C





DO 41 KX - 1,KK
WRITE (6,50) DUR(KX), (P(J,KX),J-l,JJ)
41 CONTINUE 
C
DO 70 K - 1, KK 
DO 80 J - 1, JJ


















C. . . 
C. . . 
C. . .
C
C. . . 











IF (NTR .GT. 2) THEN 




FORMAT (3(* H/d- *,F6.2,’ Qstd(’,12,’)» \F9.4))
For each area:- 
DO 500 I - 1,11
IF (I .NE. 1) WRITE (6,*)
For return period 
DO 400 J - 1,JJ
Subr,. which calcs the head ratio (ie. Hass/Hcalc), 
for H/d ratios of 0.1, 0.8, 4.0 to give some idea of 




Calc the final discharge using the Volumetric Procedure, 
then determine the respective Storage & Storage Head 
required for the detention basin.
IF (N15X .NE. 1) THEN
HDES - HDDES *DIA(ND)/1000.
IF (NTR.LE.2) WRITE (6,390) HDDES, SDES(J),
# ROFDES,QVOL.DIA(ND), DURDES, HDES, QHDDES, RP(J), A(I)
IF (NTR.GT.2) CALL WOUT (A(I),RP(J).DURDES.ROFDES.QHDDES, 
i SDES(J).HDES,HDDES)
ENDIF tFORMAT (/80(1H—)/’ Design H/d» ’,F8.2,’ Maximum:- Storage Reqd= ’, 
4 Ell.4,’ Runoff- ’,E11.4,’ Outflow Vol« ’.E11.4,
4 * (m**3) *,/,■* Diameter« ’ ,F8.2,’Design Storm
4 ’Duration «*,E11.4,* Head«*,F8.3,’ Outflow Rate« *,E11.4,
4 * Return Period- ’,F6.2/’ Area- ’,F10.2,*(ha)’/80(lh-)//)




CONTINUEFORMAT (* Ql- *,E13.4,' Q2- *,E13.4,* QHD= ’.E13.4,






IC - IC+1 
WRITE (6,165)









45 FORMAT (6H Area,2x,13HReturn Storm,3X,lOhCumulative,2X,
#4hPeak,4X,7hStorage,4X,4hHead,7X,3hH/d)
55 FORMAT (8X,23hPeriod Duration Runoff,4X,
#6hlnflow,3X,8hRequired,13X,ShRatio)
65 FORMAT (4X,lhA,6X,lhT,6X,2hTT,5X,’Volume’,6X,2HQP,8X,lhS,9X,lhY)
75 FORMAT (8H (ha) ,1X,5h(yrs),2X,5h(Hrs),4x,6h(m**3)
#,3X,8h(cumecs),3X,6h(m**3),5X,3h(m)/)
165 FORMAT (’1*//5X,’Detention Basin Design -using the CUD (Volumetric 
#) Method */5X,57(lh*))










... Programme to caclulate the H/d ratio for the maximum Storage &
... Storge Head for a Detention Basin for a specified rainstorm
DIMENSION RUNOFF(27,28,20), QSTD(20), SHD(20), HR(20), HDX(20),
# DUR(20), KMAX(20), P(20,20)C
N15X « 0
C
IF (NTR.LE.2) WRITE (6,1111)










IF (NTR .LE. 2) WRITE (6,*) ’ HR1- ’,HR(1),’ HR8- *,HR(8),
# *HR15- *,HR(15)
IF (HR(15) .LT. 0.98 .AND. HR(15) .NE. 0) THEN
IF (NTR .LE. 2) WRITE (6,300) SHD(15)*DIA/1000., AREA, SHD(15),
# RP, HR(15)
C
300 FORMAT (/* **** Out of design range, ie. is the design head would 
#be greater than *,F3.1,* m. ★***’/’ ★*** Catchment Area (ha)= ’, 
#F7.2,* H/d- *,F6.2,* Return Period (years)- \F8.2,’ ****’/
#* H Ratio- *,F8.2,54x,’****’/)
N15X - 1




310 FORMAT (F6.1,F7.1,3X,* **** Out of design range, ie. the design h 
#ead >*,F3.1t* m. **★*’)
C
IF (HR(1) .GT. 1.02 .OR. SHD(15).LT.0.98 .AND. HR(15).NE.O) THEN 
IF (NTR .LE. 2) WRITE (6,300) SHD(15)*DIA/1000. , AREA, SHD(15),
# RP, HR(15)
HR(15) - 0.0
IF (NTR .LE. 2) WRITE (6,310) AREA, RP, SHD(15)*DIA/1000 
GOTO 340 
ENDIF 
C IF (HR(15) .GE. 0.98 .AND. HR(15) .LE. 1.02) THEN 
IF (NTR .LE. 2) WRITE (6,324) 15, HR(15)
324 FORMAT (’ HR(\I2,*)« *,E13.4)
GOTO 326 
ENDIF 
C IF (HR(1) .LT. 1 .AND. HR(8) .GT. 1) THEN
IF (HR(1) .GT. HR(8) .AND. HR(8) .NE. 0) THEN 
IHR1 - 7 
IHR2 - 2 





INTHR - 1 
IHR1 - 2 
IHR2 - 7 
ENDIF
IF (NTR .LE. 2) WRITE (6,*) HR(1),HR(8),IHR1,IHR2,INTHR GOTO 325 
ELSE
IF (HR(8) .GT. HR(15) .AND. HR(15) .NE. 0) THEN IHR1 - 15 
IHR2 - 9 
INTHR - -1 
ELSE
INTHR - 1 
IHR1 - 9 
IHR2 -15 
ENDIF
IF (NTR .LE. 2) WRITE (6,*) HR(8), HR(15), IHR1, IHR2, INTHR C
325 IF (NTR .LE. 2) WRITE (6,*) IHR1,IHR2,INTHR
DO 320 IHR - IHR1, IHR2, INTHR
CALL HRCALC (SHD(IHR),DIA,RUNOFF,QSTD(IHR),DUR,SMAX.DURMAX,
# HR(IHR), KK, J.KHAX(IHR),NTR,I)
IF (HR(IHR).GT.1.01) GOTO 330
IF (HR(IHR).GT.1.01 .OR. IHR1.EQ.9 .AND. HR(8).LT.1.02 .AND.




326 IHR - 15
















SUBROUTINE SELHD (SHD, IHR,KMAX,HDDES,QSTD,DUR, P, C,AREA,J,DIA,KM,
# QHDDES,DURMAX,STORAG,ROFFHR,QOUT,HR,NTR)
... Programme to determine the design H/d r a t i o
DIMENSION SHD(20)fKMAX(20), QSTD(20), DUR(20), P(20,20), HDX(20),
# HR2(20), HR(20), HR21(20)C
ISELHD - ISELHD +1
IF (ISELHD .EQ. 1 .AND .NTR .LE. 2) WRITE (6,1111)
1111 FORMAT (/* SELHD’)
330 NHR2 - IHR
IF (IHR.EQ.15 .AND. HR(15).GE.0.95 .AND. HR(14).GT.99) THEN NHRI - 15 
ELSE
NHRI - IHR -1 
ENDIF 
C
SHDHR - SHD(NHR2) -SHD(NHRI)
C
HDDES - 0.00 
KM - KMAX(NHR2)
IF (NHRI .NE. 15) THEN 
N2 - 10 
ELSE 
N1 - 1 
ENDIF 
C
DO 3AO NHRX - 1,N2 
HRX1 - NHRX*0.1
HDX(NHRX) - SHD(NHRI) + HRX1*SHDHR 
HASS - HDX(NHRX)*DIA/1000 
C
DURN - DUR (KMAX(NHRl)) -DUR(KMAX(NHR2))
IF (NTR .LE. 2) WRITE (6,400) HASS, DURN,
# DUR(KMAX(NHRI)),DUR(KMAX(NHR2)), C, AREA 
400 FORMAT (* HASS- *,E11.4,’ DURN- \F7.3,
# ’ DUR-1- \F7.2,’ DUR-2- ’.F7.2,* C= ’.F6.2,’ AREA= ’,E11.4)
C
STORAG - 0.00 
DO 410 NHRY - NHRI, NHR2 
RUNDUR- DUR(KMAX(NHRY))
QHDDES- (QSTD(NHRI) +(QSTD(NHR2) - QSTD(NHRl))*HRX1)
QOUT - 3600 *RUNDUR*QHDDES 
CPAREA- C*AREA*P(J,KMAX(NHRY))*10 
ROFFHR- CPAREA*RUNDUR 
IF (NHRY .EQ. NHRI) THEN 
STORG2- ROFFHR -QOUT 
DURMAX- RUNDUR 
QMAX - QOUT 
RMAX - ROFFHR 
ELSE
ST0RG2- ROFFHR -QOUT 
ENDIF
C IF (ST0RG2 .GE. STORAG) THEN 
STORAG- ST0RG2 
DURMAX- RUNDUR 
QMAX - QOUT 
RMAX - ROFFHR 
ENDIFIF (NTR .LE. 2) WRITE (6,415) STORAG,RUNDUR,ROFFHR,QOUT,STORG2
CDECK SELHD/VOL
410 CONTINUE C
415 FORMAT (’ Storage- *,E11.4,' Duration- *,F6.2,’ Runoff- '.E11.4, 
# * Outflow Vol- *,£11.4,’ Storage- *,E11.4)
HCALC - (STORAG/IOOO.)**0.5 
HR21(NHRX) - HASS/HCALC
IF (NTR .LE. 2) WRITE (6,335) HCALC, STORAG, HR21(NHRX), HASS, 
* HDX(NHRX), RMAX, DURMAX, QMAX335 FORMAT (* Hcalc- \E10.4,* Storage- \
#E10.4, HR2- ,E10.4, Hass- *,E10.4,* H/d- *,F6.2/* Maximum* 
RUNOFF- *,E11.4,* DUR- ’.E10.4,* Outflow- *,E10.4/)
HR2(NHRX) - ABS (1.00 - HR21(NHRX))C
IF ( NHRX .NE. 1) THEN
IF(HR21(NHRX).GT.1.00 .AND. HR21(NHRX-1).LT.1.00)HR2(NHRX)=0.00 ELSE
IF(HR21(NHRX).GT.1.00 .AND. HR21(NHRI).LT.1.00) HR2(NHRX)=0.005 ENDIF
IF (HR2(NHRX) .GT. 0.01) THEN 
IF (NHRX .EQ. 10) THEN


















IF (HDDES .EQ. 0.00 .AND. NHRX .EQ. 10) THEN 
DO 350 JXX - 2,10
IF (HR2(JXX) .LT. HR2(JXX-1)) HDDES - HDX(JXX)
IF (NTR .LE. 2) WRITE (6,*) ’ HR2-1- \HR2(JXX),’ HR2-2- *,





IF (NHRX .GT. 0) THEN
IF (NTR .LE. 2) WRITE (6,390) HR1, NHRX-1, HDX(NHRX-l),
# NHRX, HDX(NHRX), HDDES 
ELSE
IF (NTR .LE. 2) WRITE (6,395) HR1,
# NHRX, HDX(NHRX), HDDES 
ENDIF
C390 FORMAT (* HR1- ’,£13.4,* HDX(\I2,*)- ’,E13.4,’ HDX(’,I2,*)-
# E13.4, * HD Design- ’,E13.4/)
395 FORMAT (' HR1- \E13.4,’ HDX(’,I2,*)- ’,












C Program to calculate the Maximum Storage Head (h) & Storage 
required for a Detention Basin with a specified H/d ratio — uses a graphical procedure.
,KMAX,
DIMENSION RUNOFF(27,28,20), DUR(20), SST0R2(30), QOUT(20), KM(20) C
HASS - HD*DIA/1000.C
IHRCAL- IHRCAL +1
IF (IHRCAL .EQ. 1 .AND. NTR .LE. 1) WRITE (6,1111)
1111 FORMAT (/* HRCALC*)
SMAX - 0.00 
KS - 1 
DO 200 K - 1,KK
QOUT(K) - QHD *DUR(K) *3600.
SSTOR2(K)- RUNOFF(J,K,I) - QOUT(K)
IF (K .NE. 1) THEN
IF (SMAX .LE. SST0R2(K)) THEN 
SMAX - SSTOR2 (K)
DURMAX - DUR (K)
KM(K) - K 
KMAX - KM(K)
RMAX - RUN0FF(J,K,I)
ISM - 1 
KS - KS +1 
ELSE










IF (NTR .LE. 1) THEN






220 FORMAT (* H/d- *,F7.2,’ Qstd- *,F13.3,* Max Storage- ’.E11.4,
#* Max Duration- *,F7.3)
240 FORMAT (* DUR :-*,HE11.4)
245 FORMAT (* ROFF:-*,11E11.4)
250 FORMAT (* QOUT:-*.11Ë11.4)
260 FORMAT (* SMAXî-*.11E11.4)
C IF (SMAX .LT. 0.00) SMAX « 0.00 
HCALC - (SMAX/1000.)**0.5 
IF (HCALC .EQ. 0) THEN 
HR - 0 
ELSE
HR - HASS/HCALC 
ENDIF
IF (NTR .LE. 2) WRITE (6,300) RMAX,SMAX,HASS,HCALC,HR,HD,DURMAX 





* Hcalc- *,F9.3,* H Ratio- *,E13.4









C.... This detention basin program considers a linear storage
C.... catchment based on the NASH MODEL (1960). It uses rainfall intensity
C- data determined according to A.R.R. and from this data calutlates
C--- inflow hydrograph which it in turn routes thruogh three linear storag
C--- elements & then routes the resulting hydrograph through pipe outletsC.... of the detention basin to give the:—
C--- 1) Volume of inflow (VI)
C--- 2) Peak inflow (XIP)
C.... 3) Peak Through (QP)
C.... 4) Required Storage (S)
C--- 5) Required Head (Y)
C
PARAMETER (MAXPTS-25000)
DIMENSION A(24), RPER(20), RP(20), DUR(20), P(20,20), Xl(MAXPTS),
# X2(MAXPTS),X3(MAXPTS),XQ(MAXPTS), SINCR(MAXPTS),
# DIA(20)f MMA(11,15),FFMA(15)








/ 638. ,.148 , 2.87, 101.0,1.855,
# 536.6,0.124, 4.81, 47.53,1.668,
i 467.1,0.128, o00 16.63,1.731,
# 412.8,0.128,11.48, 7.07,1.781/
___ SUB, READS & PRINTS THE INPUT DATA & RAINFALL EXCESS INTENSITY
MMTEST« 0 
DDTEST- 1
C IF(NTR.LE.2) OPEN (UNIT-5,FILE* *DATA_2100_TEST.DAT *,STATUS=’OLD’)
IF(NTR.LE.2) OPEN (UNIT-20,FILE-’INPUTDAT:’.STATUS-’NEW’) 
IF(NTR.LE.2) OPEN (UNIT-19,FILE-’PULSDAT:’,STATUS-’NEW’)
10 CALL RDATA (A,RPER,RP,DUR,P,II,JJ.KK.DIA.FACMM.NDI,
# SEL,IDIA,ANSAV,ISELCT,NTR,MMTEST,MMA)
C







C WRITE (6,301) 91.101 
301 FORMAT (* Version *,F8.3)
WRITE (6,300)
READ (5,02) ANSAV 
02 FORMAT (A)
IF (ANSAV.EQ.*Y*) THEN 
WRITE (6,330)
























DO 320 K- 1,KK
RPER(K)«RPER(K)/60.
WRITE (20,*) NDI 
WRITE (20,*) II,JJ,KK 
IF (MMTEST.EQ.l) WRITE (20,*) FACMM 
WRITE (20,*) (RPER(JX),JX«1,KK)
DO 340 ND- 1,NDI
IDIA- DIA(ND)
IF (ANSAV.EQ.*Y*) CALL SAV (II,JJ.KK.IDIA.SEL.ISELCT)IC15- DIA(ND)/300
WRITE (6,61)DIA(ND),Cl(ICI5),C2(IC15),C3(IC15),C4(IC15) ,C5(IC15) write (*,*) * ND, IC15: ’, ND, IC15
DO 250 1-1,11 
11-0
SUB. CALLS FOR A NEW PAGE WHERE PAGE SETTING DEPENDS ON A 




WRITE (20,*) DIA(ND), A(I), RP(J)
SUB. CALLS FOR A NEW PAGE WHERE PAGE SETTING DEPENDS ON A






IF (K.EQ.1.AND.J.EQ.1.AND.I.EQ.1) THEN 
IF(NTR.LE.2)WRITE(19,*)DIA(ND),A(I),RP(J),DUR(K),RPER(K) 
IF(NTR.LE.2)WRITE (19,*) RPER(K), 0.0000001 
ENDIF
NN-INT((DUR(K)/RPER(K))+0.5)





IF (MM.GT.MAXPTS) THEN 
WRITE (6,480) MM 
STOP 
ENDIF
Subr. to calc the detention basin inflow hydrograph 
using linear storage routing elements (i.e. NASH MODEL). 
CALL LINROU (NN,MM,X1,X2,X3,XK,P,A.RPER,I,J.K.NTR)
STORE THE PEAK inflow RATE (XIP)
XI P-0
DO 160 M-l ,MM































CALC THROUGH hydrograph FOR THE BASIN, CONSIDERING THE STAGE 
THROUGH FOR THE PIPE OUTLET, USING ITERATION PROCEDURE.
CALL IT (NTR,C1(IC15),C2(IC15),C3(IC15),C4(IC15),
C5(IC15),RPER(K),MM,X3,XQ,QP,MMAX,MXQ,XIQP)
IF (NTR.LE.2) WRITE (6,64) (JX,X1(JX),JX,X2(JX),JX,X3(JX),
JX,XQ(JX),JX-1,MM)
FORMAT (* X1(\I4,*)« \E11.4,’ X2(’,I4,’)= \E11.4,’ X3(’ 
,14,*)« \E13.5,’ XQ(’,14, ’ ) = * ,E13.5)
FORMAT (* XK«\E13.4,’ XQ(*,I3,')- \E13.4,’ QP= \E13.4)









DO 210 Ml- 1,MM 
SINCR(Ml)- 0.00 
DO 220 Ml-l.MM









IF (NTR.LE.2) WRITE (6,*) S, XPER 





S- SINCR(Ml) +S 





IF (NTR.LE.2) THEN 




ENDIF fFORMAT (* Total Storage required- *,E13.5)
Y«(S/1000)**0.5








WRITE (6,360) SQ, (ABS((S/SQ)-1.))*100.
IF (NTR.LE.2) WRITE (19,*) SQ 
C
WRITE (20,*) MXQ, MM, SQ
WRITE (20,*) DUR (K), (RPER(K)*IJX3), XIP, QXIP, IJX3 
WRITE(20, *) DUR(K), (RPER(K)*MMAX), XIQP, QP, MMAX 
WRITE (6,2005) MMAX, (RPER(K)*MMAX), XIQP, QP 
IC- 2
DO 2000 IJ- MMAX,MXQ
IF (X3(IJ).LE.(0.01*QP)) THEN 
IF (IC.EQ.3.0R.IC.EQ.2) THEN
WRITE (20,*) DUR(K), (RPER(K)*IJ), X3(IJ), XQ(IJ), IJ 





WRITE (20,*) DUR(K), (RPER(K)*IJ), X3(IJ), XQ(IJ), IJ 
IF (IC.EQ.l) WRITE (20,*) 0.00, 0.00, 0.00, 0.00, 0 












C04 FORMAT ( * Catchment Area*,F10.2)61 FORMAT (//2X,21HPipe Diameter (mm)- F8.2/2X,55HDischarge Coeffici 
tents used for the above Pipe Diameter 
tI8X,2HC1,9X,2HC2,9X,2HC3,9X,2HC4,9X,2HC5,
#/2X,9(F10.3,lX)) f
300 FORMAT (* Do you want to save this info? (YES/N0) ) _
330 FORMAT (* Enter ISELECT:- »1 (for duration being major variable)’ 
f /* -2 (for areas being the major variable)’)
360 FORMAT (75X,* Ss-qreln- *,F12.2,3X,F9.2 ,’ Z’) f
480 FORMAT (' ***** ERROR ***** Storage Quota Exceeded MM* , 
t 15»* increase routing period’)
992 FORMAT (’«FREE M 3 , ’.’) , ,2001 FORMAT (* IJ- *.14,* Time- ’,F6.2, (Hrs) Inflow- ,F8.4,
#’ Outflow- *,F8.4) ,2002 FORMAT (* IJ- *,I4,* Time- ’,F6.2,’ (Hrs) Inflow- ,
#F8.4,* Outflow- *,F8.4)
2005 FORMAT (75X,I4,*t- *,F6.2,* i- \F8.4,’ q- ,F8.4)
C WRITE (6,999)
999 FORMAT (*1 FINISHED*)










C ### Uses Inflow and Outflow hydrograhgs generated from ###
C ### Detention Basin routing programme to calculate dischagres ###





DIMENSION H(200), S(200), SINCR(200), SQTPP(200), SQTMM(200),
# QH(200), TX312(200), Xl(200), X2(200), X3(200), .





#  5 . 0 , 5 . 5 , 6 . 0 , 6 . 5 , 7 . 0 , 7 . 5 , 8 . 0 /
C
C --  Coefficient for the Discharge -Storage Head Relationships
C
DATA (CII(JX),C2I(JX),C3I(JX),C4I(JX),C5I(JX),JX-1,7)/
# 0.473, 1.663, .381, .177, 0.657, lPipe diameter: 300
# 0.859, 1.707, .726, .633, 0.683, ! 600
i 1.133, 1.708, 1.123, 1.294, 0.729, t 900
/ 1.460, 1.746, 1.382, 1.936, 0.850, t 1000
# 1.710, 1.775, 1.705, 2.953, 0.795, Î 1200
* 1.960, 1.776, 1.973, 3.640, 0.879, ! 1500
t 2.120, 1.736, 2.326, 4.840, 0.836/ ! 2100
C
c
WRITE (6,06) 91.101 
06 FORMAT (* Version: *,F8.3)
C OPEN (UNIT-19,STATUS-* OLD*,FILE-*PULSDAT: *)
READ (19,*) DIA, A, RP, DUR, RPER 
READ (19,*) RPER, XSTART 







WRITE( 6,180) Cl, C2, C3, C4, C5 f180 FORMAT (* Discharge-Head Coefficients Used ,5F6.3)
Q
c __ Read flood routing for each element (using the Nash Model)
READ (19,*) NXI, (Xl(JX),X2(JX),X3(JX),JX-l.NXI)
READ (19,*) (XQ(JX),JX-l.NXI)
READ (19,*) MS, (SINCR(JX),JX-l.MS)
READ (19,*) STOTAL 
READ (19,*) SQ 
Cc __ Read Storage Head values --
WRITE (6,230)
CM0CT91 READ (19,02) ANSH
READ (5,02) ANSH 
IF (ANSH .EQ. 'Y*) THEN 
WRITE (6,232)
READ (5,*) NHG, (HG(JX),JX«1,NHG)
DO 234 NHHG - 1 ,NHG
IF (HG(NHHG) .LT. C3) THEN
QHG (NHHG) - Cl * (HG(NHHG) **C2)
ELSE





C -- Calculate Discharge and Storages --
RPER2 - RPER*3600./2.
DO 100 NHH - 1,NH
IF (H(NHH) .LT. C3) THEN
QH (NHH) - Cl *(H(NHH) **C2)
ELSE
QH (NHH) - C4 *(H(NHH) **C5)
ENDIF
S(NHH) - 1000 *H(NHH) * H(NHH)
QTPP - QH(NHH) * RPER2 
SQTPP(NHH) - S(NHH) +QTPP 
SQTHM(NHH) - S(NHH) -QTPP 
100 CONTINUE
WRITE (6,300) DIA.A, RP, DUR, RPER*60 
WRITE (6,200)
ISKIP - 4 
DO 210 JX - 1,NH
IF (INT(((JX/25.)+0.02)*JX) .EQ. JX) THEN 
WRITE (6,300) DIA, A ,RP DUR, RPER*60 
WRITE (6,200)
ENDIF
IF (ISKIP .EQ. 4) THEN 
WRITE (6,225)
ISKIP - 0 
ENDIF
ISKIP - ISKIP +1210 WRITE (6,220) H(JX), QH(JX), S(JX), SQTPP(JX),SQTMM(JX) 
WRITE (6,215)
CC -- Calculate Inflow and Outflow hydrograph results --
WRITE (6,300) DIA, A, RP, DUR, RPER*60 
WRITE (6,500)
ISKIP - 4
DO 530 JX - l.NXIIF (INT(((JX/25.)+0.02)*JX) .EQ. JX) THEN 
WRITE (6,300) DIA, A, RP, DUR, RPER*60 
WRITE (6,500)
ENDIF
IF (ISKIP .EQ. 4) THEN 
WRITE (6,225)
ISKIP - 0 
ENDIF
ISKIP - ISKIP +1530 WRITE (6,520) JX.Xl(JX), X2(JX), X3(JX), XQ(JX)
C WRITE (6,510)
WRITE (6,540)
TX312U) - X3(l)* RPER2 
DO 110 NX - 2.NXI
TX312(NX) - (X3(NX) +X3(NX-1)) *RPER2 
110 CONTINUE



























DO 236 JXX- 1, NXI
IF (INT(((JXX/25.)+0.02)*JXX) .EQ. JXX) THEN 
WRITE (6,300) DIA, A, RP, DUR, RPER*60 
WRITE (6,240)
ENDIF
IF (ISKIP .EQ. 4) THEN 
WRITE (6,225)
ISKIP - 0 
ENDIF
ISKIP - ISKIP +1 
IF (JXX .LE. MS) THEN







IF (JXX .LE. NHG) THEN 







WRITE (6,266) STOTAL 







# 6X,*(m)*,5X,’(cumecs)*,5X,’(m**3)’/) ,FORMAT(/* TABLE : Calculated Discharge and Storage Results )
FORMAT (5X,F4.1.5X,F6.2,5X,F7.0,5X,F8.0,6X,F8.0)
FORMAT (/)
FORMAT ( _ , ,#’ Do you wish to enter H values determined from graphs? (Y/N) )
FORMAT (* Enter No. of values & actual H-graph Values -  '
FORMAT
#’Incremantal'
## 3X,' (Program)# 7X,*(cumecs)’,6X,’(cumecs)’/)
FORMAT (/,* TABLE : Inflow and Outflow Hygrograph Results )




FORMAT (/’ Storage determineed using S-q relation & peak outflow
# ,F10.0,’ (cumecs)’/)
C
300 FORMAT(’1 Pipe Diameter- ’,F6.0,’ (mm)’,7X,’Catchment Area- ’ , 
#F6.2,* (km**2)’/' Return Period- ’,F6.0,’ (Years) Storm Du 
#ration- ’,F6.2,’ (Hours)’/' Routing Period- ’,F5.0,’ (Mins)’/ 
#)C
500 FORMAT (26X,’Outflow Hydrographs for ’//* Time '
# ,* Each storage Element (cumecs) Retarding Basin ’
# ./’ Increment’,6X,’1’,HX,’2* ,HX,’3’,9X, ’ (cumecs)’//)
510 FORMAT (/’ TABLE : Flood Routing for Each Element (using the
# Nash Model)’)
520 FORMAT ((AX,13,4X,3(F9.3,3X)2X,F9.3))


























DO 220 ND - 1,NDI 
DO 200 I - 1, II 
DO 180 J - 1, JJ 
C
READ (20,*,ERR-600) DIA, A, RP 
WRITE(26,70) DIA, A, RP
IF (J .EQ. 1 .AND. I .EQ. 1) WRITE (6,88) DIA 
IF (J .EQ. 1) WRITE (6,90) A 
WRITE (6,92) RP 
NO -1 
C
DO 20 K - 1, KK
READ (20,*) MMAX, MM, SQ 
READ (20,*) D, TX3MAX, X3MAX, X3XQMX, MX3 
READ (20,*) DUR(K), TPMAX, XIQP, XQMAX, MXQ 
READ (20,*) DUR(K+1), TPMIN, X3MIN, XQMIN, MMXQ 
IF (DUR(K) .NE. 0.00) THEN
WRITE (6,100) DUR(K), TX3MAX, X3MAX, TPMAX, XQMAX,
# TPMIN, X3MIN, XQMIN, MXQ, MMXQ, MMAX, SQ, MM 
C WRITE (26,100) DUR(K), TX3MAX, X3MAX, TPMAX, XQMAX,
# TPMIN, X3MIN, XQMIN, MXQ, MMXQ, MMAX, SQ, MM 
ELSEWRITE (6,100) DUR(K), TX3MAX, X3MAX, TPMAX, XQMAX 















FORMAT (* Respective Routing Periods:- *,9F8.2)
FORMAT (* For Each Storm Duration *) t
FORMAT (* No. time increments considered during the storm
NN*/* No. time increments considered after the storm 
#,F6.2,* *NN */)
FORMAT (3(1X,F8.2)) #
FORMAT (/* Outlet Pipe Diameter- ’,F8.2,’ (mm)’)
FORMAT ( ’ Catchment Area- *,F8.2,* (km**2)’)
FORMAT (/* Return Period - *,F8.2,* (years)*/
#’ Storm Time to Peak Time to Peak Time to Mi
#’ Min. Time Time Max Storage’/
#’ Duration Peak(i) Inflow Peak(q) Outflow Min (q) 
#' (q) Qpeak Qmin Increm. (m**3)’/)



















DIMENSION XIP(100), QP(IOO), S(100), IXIP(10,100), IQP(10,100),
# IS(10,100), RPER(IO), DUR(IO)
CHARACTER*80 STR1, STR2, STR3, STR4, STR5, STR6, STR7
Program to tabulate data results from DB.DT to allow the evaluation 
of the effect of rotuting periods upon the accuracy of results.
STR1« (’(1X,F6«1,4X,F5.0,4X,F6.3,2(2X,F7.3),F12.2,’,12,’(3(2X,12),IX))’) 
STR2- (’ ( 19X,IX,F5.2,IX,2(2X,F7.3),F12.2,*,12,*(3(2X,12),IX)/)’)
STR5- (IX,'(*,12,*,(3HXIP,2X,2HQP,3X,1HS,2X))’)
DATA STR1/*(’’ (1X,F6.1,4X,F5.0,4X,F6.3,2(2X,F7.3),F12.2, ” ,12,’’( #3(2X,12),IX))*’)*/
DATA STR2/
#’(” (19X,1X,F5.2,1X,2(2X,F7.3),F12.2,’*,12,’’(3(2X,I2),1X)/)*’)’/
DATA STR1/*(»’ (1X,F6.1,4X,F5.0,4X,F6.3,2(2X,F7.3),F12.2, ” ,12, ” ( 
#3(14),IX))” )’/
DATA STR2/
#’( ” (19X,1X,F5.2,1X,2(2X,F7.3),F12.2,*’,12, ” (3(14),IX)/) ” )’/ 





WRITE(*,*) ’Enter NO. of Diameters Considered ' 
READ (5,*) NDT 
C READ (5,*) STR1
C READ (5,*) STR2
C READ (5,*) STR5
C
NDTO - NDT -1 
NDTWR- MAXO(NDTO.l)
WRITE (STR3,STR1) NDTO 
WRITE (6,02) STR3 
WRITE (STR4,STR2) NDTO 
WRITE (6,02) STR4 
WRITE (STR6,STR5) NDTWR 
WRITE (6,02) STR6 
WRITE (STR7,STR6)
WRITE (6,02) STR7 
C
IF (NTR .LE. 0) THEN 
WRITE (6,02) STR1 
WRITE (6,02) STR2 
WRITE (6,02) STR3 
WRITE (6,02) STR4 
WRITE (6,02) STR6 
WRITE (6,02) STR7 
ENDIF 
C DO 400 IDT - 1, NDT
READ (27,*) NDIA 
READ (27,*) II, JJ, KK 
READ (27,*) RPER(IDT)








Period Duration XIP QP
K1 - 0
DO 300 ND -1, NDIA 
IPD -1
DO 200 I - 1, II 
DO 150 J - 1,JJ
READ (27,*) DIA, A, RP 
IF (NTR .LE. 1) WRITE (6,*) DIA, A, RP 
DO 100 K - 1,KK 
K1 - K1 +1 
IF (IDT .EQ. 1) THEN
READ (27,530) DUR(K), XIP(K1),QP(K1),S(K1)
IF(NTR .LE.1) WRITE (6,530)DUR(K),XIP(K1),QP(K1),S(K1) 
ELSE
READ (27,530) DUR(K), XIPP, QPP, SP 
















IF (IDT .NE. 1) THEN 
IDTO - IDT -1
IXIP(IDTO,K1)“ IPACC (XIP(Kl),XIPP)
IQP (IDT0,K1)« IPACC (QP(K1),QPP)
IS (IDT0,K1)~ IPACC (S(Kl).SP)
IF (IDT .EQ. NDT) THEN 
IF (IPD .EQ. 1) THEN 
WRITE (6,525) DIA 
IPD « 2 
ENDIF
IF (NTR.LE.O) WRITE (6,*) IXIP(IDTO,K1),
4 IQP(IDTO.Kl),IS(IDT0,K1)
IF (I.EQ.l .OR. I.EQ.3 .OR. I.EQ.II) THEN 














FORMAT (A55.A75) ,FORMAT (/* TABLE Effect of Routing Period Upon Peak ,
4 ’Parameters. For Storm Durations of ’.F6.2, &
#,F6.2,’ (Hours).’/) 1<y,WRITE (6,620) ’Note ** indicates accuracy is within +/ iz
FORMAT (13X.A80////)







520 FORMAT (/’ Catchment Return Storm’,29X,’Percentage Accuracy of: 
#-•>
522 FORMAT (’ (km**2) (Years) (Hours) (cumecs) (cumecs) (m**3)’/) 






IPACC- INT (ABS((((A-B)/A)*100.) -100.) +0.5)
CMOCT91 IF (IPACC .LE. 0) IPACC - 1000
IF (IPACC .GT. 100) IPACC - IPACC -100 





RESULTS USING THE C.U.D.
(VOLUMETRIC) METHOD
VERIFICATION OF RESULTS USING THE C.U.D. METHOD A6-1
A6. VERIFICATION OF PROGRAM RESULTS USING CUD METHOD
A6.1 Introduction
Verification of the accuracy of the computer program results was done using the 
Controlled Urban Drainage (Volumetric) design procedure. A  summary of this 
investigation is been presented in this Appendix.
A6.2 Calculations and Results
Two test cases were considered, summarized as follows:- 
Outlet p ipe diameter = 900 mm
Catchment Area = 20 ha
ARI = 1 & 2 years
The first step in this investigation was the calculation of the cumulative runoff 
volume, as discussed in Section 4.3, summarized in TABLE A6.1.




















TABLE A6.1: Cumulative Runoff Volume, for 20 ha catchment area, 
and outlet pipe diameter of 900 mm.
The next step was to calculate the standard discharges corresponding 
to the standard H/d ratios of TABLE 1.7, for the given outlet pipe 
diameter, summarized in TABLE A6.2.
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900 mm. OUTLET PIPE DIAMETER 



















TABLE A6.2:Discharge corresponding to the standard H/d ratio.
The standard H/d ratios of 0.1, 0.8 and 4.0, where considered to obtain some 
idea of the range that should be considered, TABLE A6.3, was generated. The 
head ratios summarized in TABLE A6.5 indicate that the design H/d was between 
0.9 and 4.0 for both design ARIs.1
1 The respective cumulative runoff volumes have been listed in TABLE 
A6.1.
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The figures in TABLES A6.4 and the summary of head ratios in TABLE A6.5, 
indicate that the design H/d range lay between 1.5 and 2.0 , again for both the 
design ARIs considered. TABLE A6.5 also indicates the final design H/d ratio 
determined using the iteration procedure discussed in Section 4.3.6, for the 















0.1 0.083 5.21 1735 2243
0.75 47.10 5420 7067
3.5 220. 8411 11310
5.0 314. 8956 12290
6.0 377 . 9235 12690 3
0.8 0.083 198. 1543 2051
0.167 398. 2359 3158
0.25 595. 2838 3837
0.50 1191. 3498 4884
0.75 1786. 3682 5329
1.00 2381. 3721 5579
1.50 3571. 3422 5635 3
2.00 4764. 5280
4.0 0.083 993. 747 . 1255
0.167 1999. 758. 3 1999 3
0.25 2992. 441. 1441
TABLE A6.3: Initial investigation of H/d range.
2 If the head ratio was not within 2% a further refinement of the H/d 
ratio would have been carried out, providing the design H/d ratio was 
within the design range.
3 .Maximum storage volume (used for design investigations).















0.9 0.083 248. 1492 2000
0.167 500 . 2257 3056
0.25 748 . 2685 3684
0.50 1496. 3193 4579
0.75 2245. 3223 4870
1.00 2993. 4963
1.0 0.083 301. 1439 1947
0.167 606. 2150 2950
0.25 907. 2526 3525
0.50 1815. 2874 4260
0.75 2722 . 4392
1.25 0.083 393. 1347 1855
0.167 791. 1965 2765
0.25 1185. 2249 3248
















2.0 0.083 610. 1131 1639
0.167 1277 . 1530 2329
0.25 1836. 1597 2596
Note the volume l i s t i n g s  ceased when the maximum storage volume was 
reached fo r  each H/d ra t io .
TABLE A6.4 Secondary investigation of H/d range.
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Time (Hours)
FIGURE A6.1: Controlled Urban Drainage Method (Computer Iteration Procedure)
-TEST CASE
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H/d Hass Hcalc HEAD MAXIMUM Hcaic HEAD MAXIMUM
RATIO RATIO STORAGE RATIO STORAGE
VOLUME VOLUME
(m eters) (m eters) (m3) (m eters) (m3)
0.1 0.90 3.04 .029 9235 3.56 .025 12690
0.8 0.72 1.93 .373 3721 2.37 .303 5635
0.9 0.81 1.79 .451 3223 2.22 .364 4963
1.0 0.90 1.70 .531 2874 2.09 .429 4392
1.25 1.13 1.52 .739 2320 1.93 .584 3706
1.50 1.35 1.41 .959 1981 1.78 .758 3170
2.00 1.80 1.26 1.424 1597 1.61 1.117 2596
4.00 3.60 0.87 4.136 7577 1.25 2.885 1557
1.55 1.39 1.39 1.00 4 1943 1.76 .793 3093
1.60 1.44 1.74 .829 3016
1.65 1.49 1.72 .866 2940
1.70 1.52 1.69 .904 2863
1.75 1.58 1.67 .943 2788
1.80 1.62 1.66 .977 2750
1.85 1.66 1.65 1.01 27114
TABLE A6.5: Summaiy of iteration investigation of C.U.D. design method.
4 .Design values determined using the iteration procedure
VERIFICATION OF RESULTS USING THE C.U.D. METHOD A6-8
Comparison of these results with the flood routing procedure are as follows:-
PARAMETER ACCURACY OF RESULTS (%)
ARI (y ea rs ) 
1 2
Storage head (meters) 4 1
Storage volume (cumecs) 8 1
Inflow volume (m3) 6075 1 7905 :
Runoff volume (m3) 1943 4432






1. Results from f lood  routing procedure. 
TABLE A6.6: Comparison of test case accuracy of results. 
A6.3 Conclusions
These results are great considering the simplifying assumptions, and 
the simplicity of the C.U.D. design method. The outstanding 
discrepancies between the inflow and runoff volumes arise from the 
differences between the critical storm durations. As explained in Section 
4.3, the main aim of the C.U.D. method is to establish the design 
storage volume required, with no attempt to obtain the critical storm 
duration.

